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- VARIABILITY OF NATURE OF INHERITANCE OF QUANTITATIVE CHARACTERS IN SOFT SPRING
WHEAT AS RELATED TO VEGETATION CONDITIONS

Novosibirsk SIBIRSKIY VESTNIK SEL'SKOKHOZYAYSTVENNOY NAUKI in Russian No 2,
1974 pp 31-39

[Article by R. A, Tsil'ke, candidate of agricultural sciences, Siberian
Scientific Research Institute of Agriculture]

[Text] Most economically useful characters are referable to the quantitative
category, and each of them is controlled by many genes., In the course of
ontogenesis, each character is formed as a result of complex interaction be-
- tween the genotype and the enviromment. Allele and nonallele interaction
of genes and interaction between the genotype and numerous environmental
factors create enormous possibilities for phenotypic variability. Quite a
few difficulties arise in singling out the effects of individual genes or
blocks of genes on development of a character. In breeding work, one con-
stantly observes high variability of manifestation of a character when even
the same genotype is raised under different vegetation conditions. When
working with hybrid material, additional difficulties arise at the early
stages of the breeding process, when selecting and evaluating strains,
which is related to variability of the nature of inheritance of a character
and interaction of the genotype with the environment. Breeders make some
serious mistakes when they begin selection according to quantitative charac-
ters, particularly grain yield, in segregating generations (F,, F3) without
- determining the nature of inheritance thereof under specific conditions.
Suffice it to indicate that selection will not be effective if the increase
in manifestation of a character in a selected line, as compared to the
- parental pair, is due to the heterosis effect attributable to heterozygocity.
R This effect is not fixed by selection., Unfortunately, selection is often
made without consideration of these truths and, of course, it fails.

Studies conducted more recently in different countries indicate that there
are many questions in the problem of inheritance that are still unanswered.
_ In view of the variability of nature of inheritance and distinctions of the
Siberian climate, it is imperative to conduct broader research in the next -
few years on genetics of qualitative and quantitative characters in differ-
ent ecological zones of that region.
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We discuss here experimental data on variability of degree.and nature of
inheritance and heritability of quantitative characters on the example of
one hybrid combination, The simple model of analysis of inheritance of
economically useful characters can be used in breeding practice.

Material, Methods and Conditions of Investigation

We took zoned cultivars Saratovskaya 29 and Mil'turum 553 for the crosses;
each of these cultivars is characterized by a set of economically valuable
characters. Both cultivars are highly productive, and the productivity
components consist of different biological properties and cultivars,
Mil'turum 553 is notable for exceptional adaptation to the steppe and forest-
steppe conditions of Siberia, high degree of ecological resistance to

- - drought due to retarded rate of development during the period between
tillering and heading. Saratovskaya 29 is highly productive, the grain
is notable for high baking and technological qualities. The adverse
characters of both cultivars include low resistance to leaf rust and
lodging, and this applies in particular to Saratovskaya 29 wheat. However,
modern breeding programs make it possible to correct these flaws within a
relatively short period of time by means of proper organization of back
crossing with the use of a provocaiive background and accelerated reproduc-
tion of breeding material (2-3 generations per year). In view of the many

- valuable properties of the above cultivars, they and their derivatives
must continue to be used as base material for breeding, at least until
cultivars are developed for nonirrigated cultivation.

The crosses were performed in 1969. The first generation for producing
F, seeds was raised in the hothouse in the winter of 1970-1971. The field
experiment was started in 1971 and 1972, The precursor was a fallow
field in 1971 and rotation of a cover of perennial grasses in 1972. Sowing
was done on 25 May. The seeds were sown with a manual sower in rows 200 cm
long with a nutrition area of 10%x30 cm. We planted 10 rows for each base
cultivar and F; hybrid, and 20 rows for the F, hybrid. The experiments
- were repeated twice. The agrotechnology applied was the usual one for the
local conditions. During the period between tillering and heading, the
- plants were dusted with vofatoks [metaphos--methyl parathion] every 2-3
days to control "skrytostebel'nyye'[stem-boring?] pests. A record was
"kept of heading phase for each plant. In 1972, the field yield was lower
on the average for all variants than in 1971, and this is related chiefly
to destruction of shoots by wireworms (Table 1). At the start of the full-
ripe stage (1971) and end of the yellow-ripe stage (1972) the plants were
pulled out, dried and analyzed for structural elements. We grouped the
experimental data and calculated the main statistical indices according to
Rokitskiy [6].

Vegetation conditions differed appreciably in different years. In 1971,
there was 16 mm more precipitation in June than the many-year norm and 54 mm
less in July. Mean daily air temperature was the same in June, it was 2°C
higher in July and 1.5°C lower in August than perennial average. The rela-
tively high temperatures and minimal precipitation in July created

2
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050036-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050036-5

FOR OFFICIAL USE ONLY

unfavorable conditions for wheat development at the heading and flowering
stages. TIn 1972, there was 29 mm more precipitation in June than the

mean perennial norm, 21 mm more in August and 16 mm less in July. Air
temperature was 1.1°C lower in June, 1.4°C lower in July and 1.1°C lower in
August than the perennial mean. The significant shortage of warmth with
good amount of precipitation caused slower development of plants at all
stages, starting with heading. The conditions were extremely unfavorable
during the period of grain maturation. In spite of the late harvesting,

it never did reach full ripeness, and in late August it was exposed to low
temperatures, which led to winterkill of the grain.

Table 1. Data on germination and survival of plants
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Experimental Section and Discussion

Table 2 lists data on degree and nature of inheritance of quantitative char-
acters. The germination to heading period is closely related to the dura-
tion of the vegetation period and, although this character is genetically
determined, environmental conditions have an appreciable effect on degree
thereof. The initial cultivars differed substantially with regard to dura-
tion of this period: the difference constituted 7 days in 1971 and 10 days in
1972, In 1972, the sprouting-heading period was longer than in 1971: 9 days
longer for Saratovskaya 29, 12 days longer for Mil'turum 553, F; and F, hyb-
rids. In 1971, the first hybrid generation was similar to the average ripe
Saratovskaya 29 parent, i.e., there was manifestation of partial dominance.
In 1972, ¥y differed from the mean between parents by only 1 day, in the
direction of the cultivar with a shorter period (Saratovskaya 29), with
expression of intermediate inheritance and partial dominance. The period
was 2 days longer at the F, stage than Fy.

Overall (number of stems) and productive (number of productive stems~~heads)
tillering depends significantly on plant nutrition area and environmental
conditions. In 1971, the differences between cultivars were statistically
unreliable, whereas in 1972 the varieties differed appreciably both with
respect to overall and productive tillering. In 1972, there were more

3
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tillers per plant than in 1971: 2.7 more for Saratovskaya 29, 6.9 more for
Mil'turum 553, 3.6 more for F; and 4.0 more for Fp. There was expression of
overdominance in F1 in 1971 and partial dominance in 1972, 1In the second
generation there was a negligible decrease in number of stems, as compared
to Fy. Analogous results were obtained for productive tillering.

The initial cultivars differed substantially in stem length: the difference
was 6 cm in 1971 and 15 cm in 1972, In 1971, Saratovskaya 29 had the

longer stem and in 1972 it was Mil'turum 553. 1In 1972 the stem was longer
than in 1971: by 29 cm for Saratovskaya 29, 50 cm for Mil'turum 553, 28 cm
for F; and F2. Consequently, this character was more stable in the hybrid
than the cultivars. There was expression of overdominance in the first
hybrid generation in 1971 and intermediate inheritance in 1972. As compared
to F1, stem length diminished in the second generation.

The top internode is a component of overall stem length; however, these char-
acters differ innature of inheritance and reaction to environmental conditions.
In 1971, the cultivars differed appreciably in internode length, while in 1972
the differences were unreliable: in the former case, the difference consti-
tuted 8 cm and in the second 1 em. In 1972, the internode was longer than

in 1971: by 14 cm for Saratovskaya 29, by 21 cm for Mil'turum 553, by 13 cm
for F1 and by 12 cm for Fa., In 1971, there was expression of overdominance

in F1, and in 1972 there was complete dominance in the direction of the

parent with the longer internode. There was a reliable reduction in inter-
node length in the second generation, as compared to Fi, in both 1971 and
1972,

The cultivars also differed in spike [head] length: the difference constituted
- 20 mm in 1971 and 23 mm in 1972, The spike was longer in 1972 than in 1971:
by 7 mm for Saratovskaya 29, 10 mm for Mil'turum 553, 5 mm for F1 and Fa.
There was greater fluctuation in different years for the cultivars than the
hybrids. In 1971, there was expression of partial dominance in F; and in
1972 intermediate inheritance with partial dominance in the direction of
the parent with the longer spike (Mil'turum 553). The spike was reliably
shorter in the second generation than in the first.

The plants differed in number of spikelets per spike: the difference constitu-
ted 4.5 in 1971 and 4.1 in 1972, 1In 1972, more spikelets were formed per
spike than in 1971: 2.0 more for Saratovskaya 29, 1.6 more for Mil'turum
- 553, 1.5 more for F1 and 1.3 more for F2. There was wider fluctuation
in the cultivars than the F; and F2 hybrids. In the first gemeration,
there was expression of intermediate inheritance with partial dominance in
the direction of the parent with the larger number of spikelets per head.
In the second generation, there was a negligible decrease in number of
_ spikelets, as compared to Fi1, but it was statistically reliable.

The original cultivars differed reliably in weight per 1000 kernels, and

the differences were particularly great in 1972. 1In 1971, the difference
constituted only 2.4 g, and in 1972 it was 7.5 g. In 1972, the weight per
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LUOO kernels was higher than in 197L: by 6.5 g for Saratovskaya 29, by 1.4 g
for Mil'turum 553 and by 1 g for F; and F;. In the hybrid, this character
was more stable than in cultivars, especially large-kernel Saratovskaya 29.
In 1971, there was manifestation of overdominance in F; and in 1972 there
was intermediate Inheritance. The weight per 1000 kernels dropped in the
second generation, as compared to the first.

The varieties did not differ reliably in 1971 with regard to number of

kerncls per head, whereas in 1972 the difference constituted 9 kernels.

More kernels were formed per head in 1972 than in 1971: 9 more for Saratovskaya
29, 1 more for Mil'turum 553, 4 more for F1 and 3 more for F,. In 1971,

there was manifestation of overdominance in F;, whereas in 1972 there was
complete dominance in the direction of the parent with the larger number

of kernels per head (Saratovskaya 29). The second generation did not differ
reliably from the first according to this character.

There is a close relationship between kernel weight per head, number of kernels

per spike and weight per 1000 kernels. The base cultivars differed sub-

stantially according to this character: the difference constituted 0.10 g

in 1971 and 0.54 g in 1972. The kernels weighed more in 1972 than in 1971:

0.52 g more for Saratovskaya 29, 0.08 g more for Mil'turum 553, 0.09 g more

for F1 and 0.05 g more for F2. In 1972, there was manifestation of over-

- dominance in Fi, whereas in 1972 there was intermediate inheritance with
partial dominance in the direction of the best parent. In the second genera-

- tion, grain weight per spike diminished reliably, as compared to the first

generation, mainly as a result of reduction in kernel size (weight per

1000 kernels).

The number of kernels per plant is closely related to the number of kernels
per head and number of productive spikes. In 1971, the initial cultivars

did not differ reliably; the difference was reliable in 1972 and constituted
73 kernels. On the average, more kernels were formed per plant in 1972 than
in 1971: 165 more for Saratovskaya 29, 233 more for Mil'turum 553, 176 more
for F1 and 148 more for F2. In both 1971 and 1972, there was manifestation
of overdominance in the first generation. In the second generation there
was a decrease in number of kernels, as compared to Fi; however, the
differences are statistically reliable.

The initial cultivars did not differ reliably in the years of our studies
with regard to grain weight per plant. The grain weight was higher in 1972
than in 1971: by 7.6 g for Saratovskaya 29, by 7.4 g for Mil'turum 553,

by 5.6 g for F1 and by 4.4 g for F2. There were fewer fluctuations in the
2 years among F1 and F2 hybrids. Overdominance was manifested in the first
generation, and kernel weight decreased reliably in the second generation.

The obtained results indicate with a high degree of reliability that not
only the degree of quantitative characters but nature of inheritance by
hybrids change under environmental influences. The different reactions of
initial parental and hybrid genotypes to changing environmental conditions
lead to a change in inheritance, since the latter is demonstrable by compar=-
ing the intensity of the character in the F; hybrid and original parents.
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In 1971, therc was expression of overdominance for 9 characters in Fi,
partial dominance for 2 and intermediate inheritance with partial domi- -
nance for 1 character. 1In 1972, there was manifestation of overdominance -
for 2 characters, complete dominance for 2, intermediate inheritance with
partial dominance for 3 and intermediate inheritance for 3 others.

The question arises: Can one assess gene action on the basis of phenotypic
manifestation of a character? After all, such concepts as dominance, over-
dominance and intermediate inheritance are usually related by researchers
= to allele and nonallele gene interaction. As we know, the type of gene
action is determined by the phenotypic expression. For this purpose, there
are special methods of genetic analysis (in particular, diallele analysis) -
that permit determination, with varying degrees of precision, the action
of genes in manifestation of the character in the phenotype., The simple
model of genetic anlaysis that we used does not enable us to single out
all types of action of genes that control quantitative characters. More-
- over, manifestation of these characters changes markedly under the influence
_ of environmental conditions. Apparently, there are no grounds to believe
that superiority of F1 over the best parental cultivar for some character
is related solely to allelic interaction of genes (dominance, overdominance).
Most probably, we are dealing here with nonallelic gene interaction also;
however, it is not demonstrable. Hence, the applied concepts of dominance
(incomplete, partial, complete) and overdominance reflect only the actual -
expression of a character in the phenotype under specific environmental
conditions. The breeder, who has to derive conclusions about the nature of
inheritance of economically useful characters on the basis of analysis of
the first and second generations of each hybrid combination represented at
- the early stages of the breeding program, more often has to deal with ex-
pressly such a situation. It should be added that variability of the
nature of inheritance as a function of vegetation conditions creates a
number of difficulties in breeding, especially when solving problems of
selection and evaluation of breeding material at the early stages. -

In this regard, let us consider the data about the heterosis effect
(Table 3)., We know that the heterosis effect is defined either as superio-
rity of the F1 hybrid over the mean between parents or over the best parent.
In the former case, heterosis is considered to be a phenomenon determined
by dominance and in the latter by overdominance [7]. In reality, however,
heterosis is the result of complex allelic and nonallelic interaction of
genes and the genotype as a whole with the environment., In 1971, the Fi
hybrid was reliably superior to the mean among parents for 11 characters,
including 8, for which it was superior to the best parent. In 1972, the F1
- hybrid exceeded the mean for the parents in 6 characters and the best parent
in 2, The high heterosis effect according to number of kernels (55%) and
weight of kernels per plant (76%) in 1971 is made up essentially of
such elements as productive tillering (36%), weight per 1000 kernels (10%),
number of kernels (11%) and kernel weight per head (23%). 1In 1972, the
heterosis effect according to number of kermels (12%) and kernel weight
(20%) per plant is attributable mainly to productive heading, number of
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kernels and kernel weight per head, 1i.e., characters that presented in F,
incomplete, complete and partial dominance, respecitvely. Consequently,
while the heterosis effect for kernel yield was induced primarily by
manifestation of overdominance in 1971, in 1972 it was attributable to
different degrees of dominance of characters that make up the productivity
of the head and plant. In the example discussed, the relative rate of
development of the cultivars and hybrids is of decisive significance to
instability of inheritance, and this, in turn, caused substantial changes
in expression of other quantitative characters. In 1971, the F; hybrid
was similar to the Saratovskaya 29 cultivar according to rate of development.
Under the conditions prevailing that year, there was fuller expression of
the superiority of the heterozygote over the homozygotes. Actually, the
heterozygote did not reach the level of the best parent with regard to
only two traits, spikelets per head and head length, There was utterly
different expression of genotypes of the cultivars and hybrid in 1972.
With the cool and humid vegetation period then, the heterozygote did not
manifest a statistically reliable effect of dominance of accelerated develop-
ment, and it occupied an intermediate position between the parents. This
predetermined the nature of inheritance of the rest of the traits in F,,
in which there was manifestation primarily of the dominant and additive
effect of genes.

Table 2. Manifestation of heterosis effect in the first hybrid generation, %

I8 wn

Characters Frt _n i i

F ot 7 best T tE,, best

—7— | parent —5— |paren

¥ P L .l Ll t
Tillers/plant 136 133 108 89
Heads/plant 138 136 10 9
Stem length 16 m 99 o
Len%th of tog internode 17 105 104 103
SpHe Len9E, molon e
%8% ﬁ e g i 658 kernels ~:g }H ' $g %
ﬁgggﬁ Sgg?negs/spike 12 }m gg 1%
e s n 5 55 b
efgg og ﬁernels/plant 182 175 122 120

Table 4 lists the heritability indices calculated according to Purdy and
Crane [8]. They differed substantially in the two years with regard to
most characters, and this shows the need for studying hybrid combinations
under different conditions before predicting the effectiveness of selection.
Although the index of heritability does include the variability component,
which is determined by heterozygocity and not fixed by selection, it still
reflects the share of genotypic variability in overall phenotypic varia~
bility of the second generation. In 1971, the indices ranged from 0.13 to
0.53, depending on the trait, and from 0.17 to 0.70 in 1972. It should be
noted that they are not high enough to expect great effectiveness from
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- selection according to traits that are related to productivity of the spike.
The relatively high indices for inheriiance of stem and top internode
length in 1972 are attributable to the fact that with the cool summer and
fall there was expression of hybrid dwarfism in F» (deficiency), which
increased variability of these characters.

Table 4. 1Indices of heritability

Characters 1971 1972

Duration of shooots~heading period 0.53 0.42

Number of stems per plant 0.43 0.28

Number of productive stems per plant 0.34 0.17

- Stem length 0.26 0.70
- Length of top internode 0.13 0.60
Length of head 0.34 0.30

- Spikelets per head 0.48 0.35
Kernels per head 0.18 0.49

Kernel weight per head 0.30 0.51

Number of kernels per plant 0.42 0.30

- Kernel weight per plant 0.34 0.25

Typically enough, the original cultivars did not differ in grain yield,
_ either in 1971 or 1972; however, we observed substantial differences in
each of the elements of harvest structure. Since they are genotypically
determined, we could expect that homozygous recombinants, which would
be superior to the initial cultivars in grain yeild, would appear in the
hybrid as a result of segregation. Such recombinants should contain the
head length and number of spikelets inherent in Mil'turum 553, the head
density, number of kernels per head and kernal size inherent in Saratovskaya
29. Our objective here did not include consideration of questions of cor-
relation, selection and transgression of quantitative characters.

The obtained experimental data indicate that the nature of inheritance,
indices of heritability and expression of quantitative characters depend
on environmental conditions to a significant extent. This information is
needed to develop effective breeding programs.

Conclusions
- 1. There was expression of overdominance in 9 out of the 12 quantitative
characters of the Fi hybrid (Saratovskaya 29 X Mil'turum 553) that we
studied in 1971, incomplete dominance of 2 traits, intermediate inheritance
with partial dominance of 1; in 1972, there was superdominance of 2 traits,

complete dominance of 2, intermediate inheritance with partial dominance
of 3 and intermediate inheritance of 3 others.

9
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2, 1In 1971, the F; hybrid was superior to the mean among parents for 11
tralts, superlor to ithe best parent for 8 characters, the figures being 6
and 2, respectively, for 1972, The heterosis effect fluctuated in F

(in relation to best parent): 11 to 76% in 1971 and 12 to 20% in 1972,

3. The index of heritability (in the general sense) differed substantially
in the 2 years. 1In 1971 it ranged from 0.13 (length of top internode) to

- 0.53 (duration of sprouting--heading period) and in 1972 from 0.17 (number
of productive heads) to 0.70 (stem length).
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MONOSOMIC ANALYSIS OF KERNEL WEIGHT PER HEAD OF SOFT SPRING WHEAT

Novosibirsk IZVESTIYA SIBIRSKOGO OTDELENIYA AKADEMII NAUK SSSR SERIYA
BIOLOGICHESKIKH NAUK in Russian Vol 15, 1974 pp 85-90

[Article by I. A. Tsil'ke, Siberian Scientific Research Institute of Agri-
culture, Omsk, submitted 24 Dec 73]

[Text] F; and F, hybrids obtained by crossing 21 monosomic
lines of Chinese Spring cultivar with Mil'turum 553, disomic
F; and F; hybrids and the original cultivars were studied
under field conditioms in 1971-1972, In 1971, 13 monosomic
F, hybrids differed reliably from the disomic F; hybrid

with respect to weight of kernels per spike, and in only

one case (1B) was the monosomic hybrid superior to the di-
somic one. In 1972, 15 monosomic F; hybrids and 11 F:
hybrids differed reliably from the F; and F, disomic hybrid,
and in 4 cases (2A, 1B, 5B, 6D) the weight of kernels per
head was higher in the monosomic hybrid; in all other cases
it was lower than in the disomic hybrid. We observed signi-
ficant hybrid X year interaction. Maximum effectiveness in
the monosomic state was manifested for chromosomes 2A, 54,
7A, 1B, 3B, 4B, 1D, 2D, 3D, 4D, 5D, 6D and 7D, It is
assumed that grain weight per head is controlled by many
genes with complex allelic and nonallelic interaction, but
the additive action is the chief element.

The techniques for cytogenetic analysis of qualitative and quantitative
characters of wheats were described in detail in a number of works [1-4].
Methods of aneuploid analysis, as related to use thereof in genetic and
breeding research on wheat, were discussed in the collective monograph
entitled "Cytogenetics of Wheat and Its Hybrids" [5].

The wheat spike consists of a complicated set of characters with breeding
and taxonomic importance. Different combinations and expressions of
elements of head structure create a wide diversity of forms and density and,
consequently, of productivity. Spike kernel weight is directly related to
its size and number of kernels, while the latter is related to the number of
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spikelets and number of kernels per spikelet. Each element of the spike
is controlled by many genes with different action and interaction. The
expression of each spike element depends both on the genotype and environ-—
mental conditions.

: Since quantitative characters are controlled essentially by genes with addi-

- tive action, the monosomic state should rule out part of the genetic infor-
mation needed for normal development of a trait., By comparing each of the
21 monosomic hybrids (or, more precisely, a mixed hybrid according to
chromosomal constitution) to a disomic hybrid one can demonstrate, if not
all of the chromosomes, at least those in which the genes with the main
effects are located. Probably both the first and second generation hybrids
can be used for this purpose. However, it should be noted that monosomic
analysis cannot demonstrate all of the types of action and interaction of
genes that control quantitative characters.

The working hypothesis that we adhered to in planning and conducting the
experiment was discussed in [6]. The results of monosomic analysis of
stem length and head density were reported previously [7, 8]. In this
article, we submit the results of analysis of kernel weight per spike.
This trait is referable to the category of quantitative characters, and
there is no doubt that it is controlled by a large number of genes with
_ different types of action., It can be assumed that genes having some in-
fluence or other on head productivity are localized in all chromosomes.
Our objective was to demonstrate the effects of different chromosomes on
one of the main traits, weight of kernels in a single head. To do this,
- we compared monosomic F; and F hybrids to disomic Fi and F, hybrids.

Material, Methods and Conditions

We used cytologically identified monosomic plants (3) referable to 21
lines of Chinese Spring cultivar and crossed them with Mil'turum 553 ().
The field experiment was set up on the experimental field of the Siberian
Scientific Research Institute of Agriculture in 1971 and 1972 using the
methods described in [8].

Variants of Experiment

1

1. Mil'turum 553 (2 n = 42) (d').

- 2. Chinese Spring (2n = 42), base cultivar of the monosomic lines.
3. The first generation hybrids (F;) from 21 combinations of Mono-Chinese
Spring x Mil'turum 553. The hybrids are a population with the following
genotypes: 2n-1 = 41 (®75%) and 2n = 42 (x25%).

- 4, Second generation hybrids (F,) from 21 combinations of Mono~Chinese

Spring x Mil'turum 553. The hybrids consist of the following population:
20-1 = 41 (*74%), 2n = 42 (*23%) and 2n-2 = 40 (=3%).
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5. VFlrst gencration disomic hybrid from Chinese Spring X Mil'turum 553.
6. Second generation disomic hybrid from Chinese Spring X Mil'turum 553.

The experiment was conducted in 1971 with 8-fold replication amd in 1972 with
4-fold repetition. The plots were double-rowed in 1971 and triple-rowed

in 1972. Row length was 200 cm. The seeds were sown with a hand sower
with 4 cm distance between rows and 10 ecm distance in the row. Structural
analysis was performed for each plant. Grain weight per head was determined
by dividing grain weight per plant by the number of productive spikes. The
number of plants analyzed ranged from 51 to 170 (with a mean of 115 per
hybrid).

The vegetation conditions differed substantially in the two years, particu-
larly with respect to watering and temperature. In 1971, precipitation in
June was 18 mm above the perennial norm and in July it was 50 mm less than
this norm. Mean air temperature corresponded to the perennial mean in June,
it was 1.4° higher in July and 0.8° lower in August. The relatively high
temperature and minimal rainfall in July created unfavorable conditions
during the wheat heading and flowering stages. In 1972, rainfall in June
was 31 mm higher than the perennial norm, it was 18 mm more in August

and 13 mm less than the norm in July. Air temperature was 1.1° lower than
the perennial mean in June, 1.9° lower in July and 1.5° lower in August.
The significant heat deficiency with good rainfall created poor conditions
in 1972 during plumping and maturation of grain.

Experimental Data and Discussion

Variance analysis shows that the differences between F; and F2 hybrids,

with respect to kernel weight per head, are reliable with a high degree of
_ probability (P<0.001) in both 1971 and 1972 (Table 1). Correlation analysis

revealed that there is not a very close link between generations according
- to grain weight per spike: r = +0,772 (P<0,001) in 1971 and r = +0.520
(P<0.05) in 1972. This is probably attributable to the fact that Fi and F2
of each hybrid differ in chromosomal constitution. In F; of the monosomic
hybrid part of the genotypes (¥25%) has the same chromosomal constitution
as the disomic hybrid, whereas disomic plants in the F, population differ
from the disomic hybrid. Moreover, some of the F; plants (w37%) have a
nullisomic structure. The differences in chromosomal constitution combined
with recombination of genes against this background probably lead to sub-—
stantial changes in genotype reaction in F, and F, to environmental condi-
tions.

The mild correlation between hybrids according to year, both in F;

(r = +0.442) and F, (r = +0.222) is indicative of significant genotype x
environment interaction.

Table 2 lists data on grain weight per spike for monosomic and disomic

hybrids (F1 and F2) and the original cultivars. In 1972, kernel weight
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per head was higher on the whole in the experiment than in 197i. In second
generation hybrids, grain weight is lower on the average than in the first
gencration, In 1971, the initial cultivars differed appreciably; the differ-
enced between cultlvars were unrellable [n 1971, There was more marked
fluctuation in different years in kernel weight for Chinese Spring than
Mil'turum 553. Under the less favorable conditions (1971), monosomic F;
hybrids were close to Mil'turum 553, while F» occupied an intermediate place
between the cultivars. Under these conditions, the disomic Fz hybrid was
closer to Mil'turum 553. 1In 1972, the initial cultivars did not differ
from one another, while monosomic Fj hybrids were generally closer to
Chinese Spring. There was manifestation in the disomic F; hybrid of the
heterosis effect (7%); however it was statistically unreliable. In the
disomic F2 hybrid there was a reliable drop in kernel weight, as compared to
Fi1. This indicates that the heterosis effect is due to overdominance.

Table 1. Results of variance analysis

1971 1972
Source of D } ¥ + [
variabilitv ms F'act. ms 3¢ ma |© e | pactual -
Hybrids 3,02 9,15 1.99 6,03 [1.59]8.83]1.58] 7.06
Replication + . .
0.33 - 0.3 — fos| — o2 —
plants

3 With P,

Kernel weight per head is lower in most monosomic hybrids than in disomic

ones and, while the deviations are not reliable in all instances, this is 5
merely indicative of the inadequate sensitivity of the method used to -
test hybrids in the field (Table 2). The general conclusion is that a

monosomic state for virtually all chromosomes in the material examined . r
leads to reduction of head productivity. In 1971, 13 monosomic F2 hybrids

differed reliably from the F2 disomic hybrid with respect to kernel weight

per spike, and in only one instance (1B) was the monosomic hybrid superior i
to the disomic one. In 1972, 15 monosomic F1 hybrids and 11 F2 hybrids

differed reliably from disomic Fi and F2 hybrids, and in four cases (24,

1B, 5B, 6D) kernel weight per spike was higher in the monosomic hybrid,

while in others it was lower than in the disomic hybrid.

There was markzd hybrid X environment interacCtion with regard to the trait

studied. Head productivity in F; and F, diminished reliably in both 1971

and 1972 only in 3 hybrids that were monosomic for chromosomes 4D, 5D and

7D, In 1971, maximum effectiveness in the monosomic state was manifested

for chromosomes 6A, 1B, 3B, 4B, 1D, 2D, 4D, 5D and 7D, whereas in 1972

this applied to chromosomes 2A, 5A, 7A, 5B, 3D, 4D, 5D, 6D and 7D. The -
obtained results clearly indicate that one cannot derive any definitive

conclusions as to genetic control of a quantitative character such as

kernel weight per spike on the basis of studying hybrids under the same

conditions. The genetic system of control of development of quantitative
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Table 2. Kernel weight per spike, g

. 1w 1072
Hybrids and o T o o
parents |7; H | 5 1 x| 7| #
Mono 14xMss3 1,02 | 0,8 [-0,18 [1,20(—0,12% | 1,19 {4006
24X 1,3 | 0,98 [—0,08 11,46 |4-0.14** [ 1,30 |+0,17¢*
31X 0.86 | 0.85 |—0.21° { 1,17 [—0.15* | 1,12 |—-0,01
anx | 08 | 09 j-0,6 |1.,25]—co7 |1.00[~0,08
[23% 1.08 | 0,94 |—0,12 |,17[~C.15% [ 1,01 {—0,12°
61X 1.02 | 0.8 |-0.24* | 1,37 |+0.,05 |1,10-0,03
74X 1,08 1,05 10,00 | 1,12 [~0,20°¢¢[ 1,02 0,11
- For genome A 1.06 | 092 |—0.04 [r1.25]-0.07 |1.a2}-0.00
Mono 18xM3s3 138 | 128 [40,22*¢ [ 1,19 |—0,13* | 1,27 [0, 14%¢
28X 124 | 0,97 [-0.00 |1,12]—0.20¢ 1,20 |-}-0,07
38X 0,81 0.80 }—0,26** | 1,30 |-0,02 | 0.96 [~0,17*¢
48X 0,60 | 0.66 [—0,90°*| 0598 |—0,34**¢[ 1,09 |-0.04
58X 1,19 | 0,98 [—0,08 |[1,12]—0.200f 1,27 |--0.14%¢
GBX 1,12 0.85 |—0.21* | 1,19]-0,13* [ 1,12[~0,0
mx 1,3t 0,93 |-0,13 | 1,20(-0,12* | 1,12 [-0,0%
For genome B Lt 0.92 |—0,14 [ 1.16]--0,16 | 1,15 [4-1,02
Mono 1D X33 1,04 0,67 |{—0,39°*+ 1,25 [~0,07 [ 1,21 [4-1.08
2D X 0,82 0,76 |—0,30°** 1,24 |~0,08 | 1,14 [40,01
3D X 0,08 | 1,00 [-0,05 |1,13{—0,19**| 0.95 |~0,18**
- D X 0.84 | 0,74 [—0,32¢¢| 1,07 [—0.25°*%| 1,00 |0,13*
D X 0,74 0,78 |—0,28%**( 0,83 |—0.49°*+| 0,89 |—0,23°**
6D X 1,13 0,79 |[-0,27*¢ | 1,24 (0,08 | 1.27 [4-0,14*°
7D X 1,00 | 0,76 [—0,30°%f 1,15]0,17** | 0,99 [0, 14**
- For genome D 0,94 0.79 |~0,27 |[1,13]|~0,19 |1,06]-0,07
Ch,Sproxuss | 2| P [T g b 0
- Chinese Spring| o.60 - - |um - | = -
553 1,09 - - || - | = -
HCluy 0,17 0.1 0,10
HCPys5 0,22 0,14 0,14
, ***HCPan 0.28 0.18 0.19

Key: HCP) lowest appreciable difference

characters is in complex interaction with environmental conditions. Depend-

- ing on the combination of environmental factors at different stages of
development of an organism, there is substantial change in allelic and non-:
allelic gene interaction, and this, in turn, affects the nature of inheri-

- tance of a trait. Monosomic analysis revealed that head productivity is
controlled by many genes localized in all chromosomes, with the exception of
4A. 1t is to be expected that testing hybrids under other conditions would

- also reveal the effect of chromosome 4A. Analysis also showed that the
monosomy effect depends on the chromosomal constitutions of genotypes in
F; and F,, The monosomic state (with the exception of four cases) leads
to attenuation of the character, and this is indicative of the dose effect
of chromosomes and additive action of genes that control the trait in
question. The absence of one chromosome in most hybrid plants (%75%)
rules out some of the information that determines spike productivity. It
is also probable that the absence of a chromosome has some adverse effect
on cell metabclism and on morphological processes as a whole.

The chief cause of the monosomic state effect is that each structural element
i of the spike is controlled by many genes. These elements include spike
- length, number of spikelets, number of kernels per spike and spikelet, and
kernel size. Each of these characters can also be broken down into elements,
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egpecially if we take into consideration physiological, biochemical and
other properties. For this reason, exclusion of any chromosome (i.e.,
2.38% of the genetic information) from the full set (42 chromosomes = 100%)
should affect the end result of spike development and productivity.

The instances when monosomy leads to an increase in kernel weight per spike,
as compared to disomy, are of special significance. Evidently, in such
cases there is exclusion of genes with inhibitory effect on some elements

of spike structure. In these cases too, the environment plays an important
role.

On the basis of the obtained data, it is assumed that kernel weight per
spike is controlled by many genes, chiefly those with additive action. The
results of our 2-year study of hybrids indicate that maximum effectiveness
in the monosomic state was manifested with regard to chromosomes 2A, 1B, 3B,
- 48, 1D, 2D, 3D, 4D, 5D, 6D and 7D. The obtained information can be used

in future genetic research involving chromosome substitution, as well as

for development of breeding programs for wheat.

Conclusions
1. The monosomy of Fi and F» hybrids, which were obtained from crossing
monosomic lines of Chinese Spring wheat with the Siberian Mil'turum 553
cultivar, causes a decrease in kernel weight per spike, with the exception
of four cases (1B in 1971, 2A, 1B, 5B and 6D in 1972), in which monosomy
reliably induces an increase in kernel weight, as compared to the disomic
hybrid.
2. Maximum effectiveness of monosomy was manifested in 1971 for chromosomes
6A, 1B, 3B, 4B, 1D, 2D, 4D, 5D, 6D and 7D, and in 1972 for 2A, 5A, 7A, 3D,
- 4D, 5D and 7D.
3. We observed significant hybrid X year interaction. There was a reliable
decrease in kernel weight per head, in both 1971 and 1972, in three hybrids
(F; and F») that were monosomic for chromosomes 4D, 5D and 7D.
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MONOSOMIC ANALYSIS OF NUMBER OF SPIKELETS PER SPIKE OF SOFT SPRING WHEAT
Moscow GENETIKA in Russian Vol 10, No 8, 1974 pp 5-10

[Article by I. A. Tsil'ke and R. A, Tsil'ke, Siberian Scientific Research
Institute of Agriculture, Omsk, submitted 2 Jan 74]

[Text] Introduction

The wheat head has a set of characters with breeding and taxonomic importance.
Different combinations and intensity of these traits yield a wide diversity
of spike shape and density and, consequently, its productivity. The
accessibility and simplicity of taking measurements have enabled many re-
searchers to study inheritance of structural elements of the spike. The

more experimental data were accumulated, the more obvious it became that

each spike element is controlled by many genes with different types of action
and interaction.

The main information about inheritance of spike characters was obtained from
hybridological analysis. Filipchenko [1] summarized his findings and the
results obtained by other researchers, and he arrived at the conclusion that
spike length and number of spikelets per spike of soft wheat are controlled
by at least 14 genes (allelic pairs), which can be divided into two groups
according to their action: 1) genes that control only spike length, and 2)
genes that control both spikelet number and spike length.

- The polyploidy of soft wheat does not permit localization of genes by
means of hybridological analysis. This became feasible only as a result of
using cytogenetic methods [2].

In this article we report the results of monosomic analysis of number of
spikelets per spike in a Chinese Spring X Mil'turum 553 hybrid. The results
of monosomic analysis of spike density and stem length of this hybrid have
been reported previously [3, 4].
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Material and Methods

The worklog hypolhesls For the experiment and cyltologlenl methods were des-
cribed in [3]. The following were used in the experiment: Chinese Spring
(CS) cultivar, Mil'turum 553 (M553) cultivar, disomic CS X M553 Fi hybrid,
disomic CS X M553 Fz hybrid, monosomic F1 hybrids from 21 combinations of
mono-CS x M553, monosomic F, hybrids from 21 combinations of mono-CS x M553.
In 1971, the experiment was conducted in 8 replications, and in 1972 in 4. The
Plotswere arranged at random in the block. The plant feeding area consti-
tuted 0.04 m®> (10 cm x 40 cm). 1In 1971, the specimens were planted in

2-row plots and in 1972, in 3-row plots. The plots were 200 cm in length.

The vegetation conditions differed substantially in the 2 years. Im 1971,
conditions were favorable from germination to heading time for development
of the plants; at the heading and flowering stages the plants suffered
from a shortage of water in the presence of relatively high temperatures.
In 1972 the plants developed with a good supply of water, but shortage of
heat during the period between shooting and maturation.

At the end of the yellow-ripe stage and beginning of the full-ripe stage
the plants were removed and, after drying, their structural elements were
analyzed.

Results and Discussion

We submit below data on number of spikelets per spike in the original culti-
vars and disomic F, and F, hybrids (iisij:

Cultivar, hybrid 1971 1972
Chinese Spring 18.0+0.19 20.3+0.18
M553 19.940.21 20.1%0.19
F; Chinese Spring % M553 - 21.7%£0.17
F2 Chinese Spring x M553 21,1%0.,27 21.9%0.30

Under the less favorable conditions of 1971, the cultivars differed reliably
- in number of spikelets per spike, whereas in 1972 the differences between

cultivars were unreliable. It is known that, unlike many other quantitative

traits, the number of spikelets is characterized by relative stability of

expression under different conditions. However, in our experiments, this

character was more pronounced in 1972 in both the cultivars and hybrids,

and it was more stable in Siberian M553 than in the CS cultivar that is

not adapted to the local conditions.

- At first glance one would think that the original cultivars differ substan-
tially in structural elements of the spike. After all, the differences in
spikelet number were insignificant, and they were reliable only in 1971.
However, as we have demonstrated [3], the cultivars studied differ
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appreciably in spike density. CS is characterized by a relatively short,
- firm head with slightly clavate [club] shape, while M553 is characterized
by a long spike of medium density and spindle shape. The differences in
density and shape of spike indicate that the original cultivars differed
substantially in genes that control the number of spikelets per spike.

The first generation disomic hybrid was not studied in 1971; for this
reason we shall discuss here only the data for 1972. 1In F1 there was ex-
pression of a reliable heterosis effect, which constituted 7% in relation
to the best parent. Apparently, the heterosis effect is unrelated to
heterozygosity (overdominance), since there was no decrease in number of

- spikelets in F2, as compared to Fi.

It is known [5-10] that there is occasional expression of an insignificant
heterosis effect in Fi1 with respect to number of spikelets in soft wheat.
Diallele analysis revealed [11l, 12] that strong inheritance is observed
for this character, due mainly to the additive action of genes.

The data obtained for each monosomic Fi1 and F2 hybrid population tested under
field conditions in 1971 and 1972 are indicative of the influence of differ-
ent chromosomes on expression of the trait in question. The Table lists

the means (x) and deviations (d) of the mean for the monosomic population
from the mean for the disomic hybrid. In order to avoid excessive figures
in the table, it does not list standard mean error (si) or the results of
variance analysis. We shall merely indicate that the value of F (Fisher's
ariterion) fluctuated as a function of year and generation from 5.6 to 12.2
with a tabular value of F = 1.9 (P<0.001). The reliability of deviations

of the mean for the monosomic population from the mean for the disomic
hybrid was determined on the basis of the lowest appreciable difference
(HCP) and the ¥? method.

- As can be seen in the Table, monosomy generlaly elicited a decrease in
number of spielets per spike, as compared to disomy. In only 2 F; hybrids
that are monosomic for chromosomes of the fifth homological group (5A and

- 5D) do we observe a reliable increase in number of spikelets, as compared
to the disomic F2 hybrid, and this under less favorable conditions for
development of wheat plant (1971). It is known that the suppressor gene
for spike density is localized in chromosome 5A of the CS cultivar. In the
absence of this chromosome, the spike becomes lax, i.e., speltoid [2]. As
we have demonstrated, the spike of the CS X M55s hybrid, which is monosomic
for chromosome 5A, did not differ appreciably in density from the spike of
a disomic hybrid [3], but did differ substantially from it in length (our
unpublished data). Elongation of the spike also led to an increase in
number of spikelets.

Monosomy for chromosome 5D induced an increase in spike density [3], chiefly
as a result of increase in number of spikelets, as shown by the data dis-
cussed here, Typically enough, the monosomy effect referable to chromo-

- somes 5A and 5D is related to environmental conditions under which the
hybrid plants develop.
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Number of spikelets per spike in hybrids

wi 1072
. Fi Py 1 1A
Hybrid
x % 2d x 24 s 1d
Mono-saxmsss 19,1 119,9 (—1,2* 120,3|--],4%% 21,3 | 0,6
"o 2AXMS553 20,1 f 20,1 [—1,0° 21,4 |—0,3 |21,8[--0,1
o 3AXMGA3 18,21 20,0 |—i,1* | 20,5 | —-1,2%%| 20,6 | -] ,3%s®
" 4AXAGGS 18,8 | 20,3 |-0.8 21,2 10,5 |21.7]--0,2
W HAXNGES 198122,2 [41,1° {21,3]1--04 |21,6|~0,4
" GAXAMGN 18,8 [ 19,2 1—1,9%* | 20,5 | —1,2%**] 20,6 | ~-1,3%**
"o TAXMGSY 19,7 120,6 [—0.5 20,4 | —1,3** 20,1 | --1,8
Mean for genome Al!9.2]20,3 |08 20,8 [ —0,9 {21,1(--0,8
Mono .1« mis3 1841191 ]-2,0* 21,4103 |21,4|~-05
"o AU MSS3 21,0 121,41403 21,4 (—0,3 [21,8(--0,1
-3 M553 18,5 | 19,4 §—1,7%** | 20,2 | -] 5%*] 20,0 | —1,9%**®
"X MGS3 18,3 | 18,9 :_2,2°** 1 20,1 | —1,6°*%| 20,4 | I 5%
"o 5B M553 1881196 1.-1,6" (21,4 (--03 [21,5[--0,¢
" G MS33 19,0 { 20,0 1,1 2i,41--0,3 21,4 |--0,6
" aBXNER 19,1 | 21,6 (40,5 20,9 | --0,8** | 21,3 | 0,6
Mean for genome B|!9.0|2.0}1-11 121,01--07 |21,1 [-0.8
D ME53 19,6 [ 19,5 {__1,6"** 1,41--0,3 21,2 {--0,7
Mgno zn;fmss'; : 18,0 | 20,0 [_1,1** | 19,6 | —2,2°%*| 19,7 | .2 gees
" IDXMEN 18,5 120,0 |_1,1% | 20,7 | --1,0°** 19,7 | --2 g**®
" <D MA53 18,9 118,7 [_1,4°% {204 | —-1,3%* 20,5 | --1 4**®
" 51353 21,4 1221 141,0° 2,7 0,0 21,7 [--0,2
" MRS ~ 19,7 120,3 1.20,8 21,2 1--0,8 2(.,9 0,0
W TGS 19,6 120,7 10,4 21,3 4--04 |2,81]-1,1"
Mean £or gepome D | 194203 (To8 20,9 {--0,8 [208]--11
Meah for all hyby,! 19212021 -0y {2081 ~08 | 210 —09

Reliable with ; *»<os; * p<ogt; *o* P<ogor,

In 1971, the number of spikelets in 13 F, hybrids, monosomic for chromosomes
1A, 2A, 3A, 6A, 1B, 3B, 4B, 5B, 6B, 1D, 2D, 3D and 4D, was reliably lower
than in the disomic F2 hybrid. In 1972, the number of spikelets was
reliably lower in 10 F; hybrids, monosomic for chromosomes 1A, 3A, 6A, 7A,
3B, 4B, 7B, 2D, 3D and 4D, and in 8 F» hybrids, monosomic for chromosomes
3A, 6A, 3B, 4B, 2D, 3D, 4D and 7D, as compared to disomic F; and F» hybrids.
Under the more favorable conditions in 1972, the correlation [conjugation]
between Fi; and F» hybrids is considerably greater (r = 0.806; P<0.001) than
under less favorable growing conditions (r = 0.576; P<0.01). The signifi~
cant differences in reactions of monosomic populations as related to
generation are apparently due to the fact that in F, there is superposition
of variability induced by gene recombination over the monosomy effect.

The data obtained from correlation analysis indicate that there is higher
"hybrid--year'" interaction in F» (r = 0,375) than in F; (r = 0.634)., The
stronger interaction in F, is probably due to the fact that, in this genera-
tion, there is segregation of plants with nullisomic constitution, which
has an appreciable influence on mean value of the trait in the F, monosomic
population,

The obtained results indicate that studies of monosomic populations under
identical conditions are insufficient by far in order to obtain reliable
information about the effect of monosomy on phenotypic expression of a
quantitative character. We see that similar effects under different
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conditions, i.e., decrease in number of spikelets per spike as compared to
disomic hybrids, were obtained in only 7 T: and F2 hybrids that are mono-
gomlc for chromosomes 3A, 6A, 3B, 4B, 2D, 3D and 4D. We were impressed

by the fact that 5 of the 7 monosomlc hybrids are referable to 2 homological
groups: 3 to the 3d group (3A, 3B, 3D) and 2 to the 4th (4B, 4D).

R The report of Ausemus et al. [13] does not state how many or which chromosomes

- control the number of spikelets per spike, but does indicate that spike
density is determined by all chromosomes, with the exception of 2B, 4D, 5A

_ and 5D, while spike length is controlled by all but 1B, 5A and 6D. But,

= since spike length and density are closely related to number of spikelets,
it may be assumed that this character is also controlled by most, if not all,
chromosomes. The results of monosomic analysis we have discussed here are
referable to only one hybrid combination, but they indicate that all chromo-
somes, with the exception of 4A, 2B and 6D, affect the number of spikelets
per spike, and the monosomy effect is strongly modified by environmental

- conditions.

It should be noted that, with all their importance, the results of monosomic
analysis of quantitative traits provide only preliminary information about
the localization of genes in specific chromosomes. The question of direct
link between phenotypic effects of monosomy and genes of a specific chromo-
some remains open. The demonstrated phenotypic effects on expression of

a quantitative character are apparently related not only to the absence

of genes controlling this character, but the sequelae that occur upon
expression of genetic information of the cell as a result of exclusion of

an entire chromosome carrying a significant part of the nuclear information.
The latter may be indirectly related to the function of the nucleoplasmic
complex responsible for expression of all of the genotype information.
Hence, the phenotypic effects in monosomic plants should be attributed
primarily to the missing chromosome and the changes that arise in function
of the nucleoplasmic complex as a result of absence of an entire chromo-
some. Lines with substituted chromosomes are the most suitable for
stricter proof of the link between phenotypic effects and genes.

Conclusions

A study was made of 21 hybrid F; and F2 combinations, obtained as a result

of crossing monosomic Chinese Spring cultivar with a Siberian soft wheat
cultivar, Mil'turum 553, as compared to disomic F1 and Fz CS X M553 hybrids
and original cultivars CS and M553, under field conditions in 1971 and

1972. With the exception of 4A, 2B and 6D, all chromosomes in.a monosomic
state influence phenotypic expression of the "spikelets per spike" character,

Similar effects were obtained under different conditions for 7 Fy and F3
hybrids monosomic for chromosomes 3A, 6A, 3B, 4B, 2D, 3D and 4D, and the

= number of spikelets per spike in these hybrids diminished reliably, as
compared to disomic F; and F, hybrids.
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It was shown that the effect of monosomy on expression of the character is
considerably modified by environmental conditions.

There 1s 1 table, and bibliography lists 13 items.
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STUDY OF TINHERITANCE OF QUANTITATIVE CHARACTERS IN SOFT SPRING WHEAT
TOPCROSSES., REPORT 1: STEM LENGTH

Moscow GENETIKA in Russian Vol 11, No 2, Feb 75 pp 14-~23

[Article by R. A. Tsil'ke, Siberian Scientific Research Institute of
Agriculture, Omsk, submitted 28 May 74]

[Text] Introduction

In the last few years, much attention has been devoted to breeding for

resistance to lodging in all grain crops. As a rule, this character is

related to plant height. And, although a correlation between resistance to

lodging and plant height is demonstrable under certain conditions, in reality

resistance is a complex character that is controlled by a complicated system

of genes that interact intensively with one another and the environment. The
- mechanical structure of a stem, its length, susceptibility to various patho-
gens developing in soil are the main factors that determine the extent of
resistance to lodging. Nevertheless, breeding for reduction of plant helght
conducted both in our country and abroad has resulted largely in increasing
varietal resistance to lodging. Other conditions being equal, a short stem
has an advantage over a long one, because it is more resistant to lodging
when exposed to torrential rains associated with strong winds. In West
Siberia, such weather conditions are the chief cause of wheat lodging over
enormous areas, even in clement years when a high yield is formed. The
tallness of the cultivars zoned for different rayons is the chief cause of
poor resistance to lodging.

When solvirg problems of resistance to lodging, breeders use the most

diverse sources, including short-stem specimens without, however, having a

clearcut idea about the nature of inheritance of stem length and its relation

to other economically useful characters in different localities. The lack

of genetic information on this score for the conditions prevailing in Siberia

results in empiricism in work and, not infrequently, mistakes. The first

attempts at using short-stem foreign wheat specimens in breeding revealed

that not all sources by far are suitable for solving the above problem.

- Moreover, in the case of a very continental climate, when years with rela-
tively good precipitation alternate with years of acute drought, the

25

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050036-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050036-5

FOR OFFICIAL USE ONLY

question of stem length acquires quite special significance. 1In years of
severe drought, wheat forms such a short culm that harvesting is often made
difficult., These extremes cannot be left unheeded when breeding is pur-
sued for resistance to lodging.

Many researchers have studied inheritance of stem length [1-11]. The contra-
dictory results obtained are attributable mainly to environmental conditions,
under which studies are conducted, and complexity of inheritance of the
character. It must also be noted that some of the confusion that arises in
analyzing the obtained data is related to the fact that some researchers
study the entire plant height, while others study stem length. While spike
length does not have a substantial effect on overall plant height in the

case of long-stemmed wheat, in short-stemmed wheat the spike left often
constitutes 20-40% of the overall height of the plant, and this must be taken
- into consideration, particularly in genetic studies.

_ Very few studies have been pursued in Siberia with respect to inheritance of
stem length. Khlystova {12] made a rather thorough survey of the literature
pertalning to the use of short-stemmed cultivars in breedings, as well as
inheritance of plant height in wheat, so that we do not have to make another
B survey. In this article, we report the results of an experimental study of
stem length in spring bread [soft] wheat used in top crosses.

Material and Methods

We used as maternal parents Dwarf Sggs A~7 (Dw), IBO-3048-433 (IBO), Pitic
62 (P62), Acadia (Ac) and Gun To-may (Gt) obtained from the collection of
the All-Union Institute of Plant Growing imeni N. I. Vavilov; the cultivars
Saratovskaya 29 (S29) and Mil'turum 553 (M553), which are widely zoned

in Siberia, served as the paternal forms (testers) (Table 1).

Hybrid seeds were obtained in 1972 under field conditions. F; hybrids were
raised in a hothouse in the winter of 1972/73, in vegetation containers
under artificial light up to the spijl~-f-»ming ctage; thereafter, they
developed under natural light. We sowed 12 seeds for each parent and F,
hybrid (4 grains per container). They were sown on 23 January. The con-
tainers were placed on the shelves at random. Uniform watering and addi-
tion of fertilizer were performed in all containers. Light was provided by
incandescent lamps (500 W) from 0600 to 2000 hours daily. The plants were
gathered and structural analysis made as the grain matured (between 25 April
and 10 May).

In the field, the experiment was repeated in 4 replicas. The plots were
in double rows 2 m in length. The area of plant feeding constituted
10%X20 cm. For each variant (parents, F; and F;) we sowed 40 seeds on the
plot, a total of 160 seeds, in 4 blocks. A hand sower was used on the
hothouse lot on 29 May 1973. During the period between germination -and
formation of shoots, the plants were dusted with "vofatoks'" [metaphos-—-
methyl parathion] against wheat flea beetles and "skrytostebel'nyye"
[stem-boring?] pests. At harvesting time, 85-95% of the sprouted plants
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had survived. We only analyzed plants for which the regional effect
was ruled out, In each variant, we analyzed 20 plants per block., For
analysis, we measured the length of the first spike [head].

In the hothouse, the index of accuracy of the experiment (sz,/x,) constituted

3.4 and in the field. 1.0%. The low accuracy of the hothouse experiment is
B related to poorly controlled environmental factors (temperature, light) and
- the small sample (n = 10-12). 1In 1973, the meteorological conditions were

beneficial for wheat development. Mean monthly air temperature was somewhat

higher than the mean over a period of many years in May, June and August,

and in July it was 0,4°C lower. During the vegetation period, rainfall was

31 mm above normal (225 mm in all).

Variance analysis was conducted according to Rokitskiy [13]. We determined
the degree of dominance by two methods: according to Fontdevila [14] and
Gustafsson and Dormling [15]. We calculated the inheritance index accord-
ing to Purty and Crane [16].

Table 1. Brief description of base material

VIR* catalog | Origin of Characteristics of cultivar

Cultivar Number cultivar according to plant height
Dwarf Sgoe A-7 45 902 Rhodesia Dwarf
IBO-3048-433 46 224 Italy Semidwarf
Pitic 62 45 664 Mexico Semidwarf
Acadia 41 989 Canada Average height
Gun To-may 44 114 China Tall

USSR:

Saratovskaya 29 - Povolzh'ye "
Mil'turum 553 - Siberia "

*VIR--All-Union Scientific Research Institute of Plant Growing.

Results and Discussion

Table 2 lists the results of variance analysis. Under field conditions, the

differences are significant not only between variants, but between replicas
- (P<0.001), although the experimental plot was relatively homogeneous in
topography and ground cover. Apparently, even insignificant differences in
cultivation conditions attributable to nutrition and water conditions in
different blocks affect the length of the stem. There is also statistically
reliable variant replica interaction (P<0,01). It is assumed that inter-
action is due chiefly to effects appearing as a result of raising in the
same block specimens that differ appreciably in plant height. Such effects
may arise when plots with dwarf and tall plants are adjacent to one another,
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Table 2. Results ol varlance analysis

) o Field Hothouge
z Source of variability | ,
/] ms r d m r
Kari?QFS éfactor A; o [240i812| 30030 10 | 41588 | doane
Aeg icas fgctor B 3| 143500] 20K e 2 2300 [ 02
XB 1n graction B | g 2740 | 32 6034 | 074
Random deviations 2052 48] — 133 8098 { —

Reliable with «» <0,01; ** P <0,001.

In the hothouse, there were reliable differences only between variants;
however, on the whole, random variability is higher there than in the field.

, Table 3 lists data on stem length of parents and hybrids. A shorter stem
was formed in the hothouse than in the field: the stem is 17.62 cm shorter
in the parents and 24,81 cm shorter in F hybrids. Maternal plants differed
substantially in stem length, both in the field and hothouse. We failed to
demonstrate differences between IBO and P62 cultivars in the field. In
dwarf cultivar Dw, the stem was 2,7 times shorter in the field than in the
long-stemmed Gt cultivar and 2.5 times shorter in the hothouse. It must

be noted that of the 100 short-stemmed cultivars obtained from VIR and
studied for 3 years in Omsk, Dw had the shortest stem. This cultivar is
also unique in that it forms a rather long spike, unlike all the rest of
the studied short-stemmed specimens of common [bredd] spring wheat. Differ-
ences are reliable between paternal testers only when raised in the field,
but the difference is so negligible that it is impossible to apply two-
tester genetic analysis proposed by Jinks et al. [17]. This analysis
implies that there is maximum contrast between testers for the character
studied. 1In essence, the testers should be extreme variants with regard

to expression of the character in the top ¢ross scheme, In our experiment,
the testers were not chosen for culm length, but for a number of other
economically useful characters,

Table 3. Stem [culm] length, cm CEt{E)

Field Hothouse
Cultivar *§20 XM 551 ¥ S [HERES
P r
i F Fy P ¥ F
= Pw 44666043 81.61:0.53 TA60£1.77 89,80+ 058 8380258 3811 4:0.93 579.27:4:2,31 67.50:£1,78
10 BLIE054 | 10130057 W20 1 102802071 | 100362104 7400148 G0 .47
g2 81R0£064 | 10322070 08304120 | 109682058 | 907, 78,482 250 B0.(0-£2.85
Ac 05.75+053 | 111.403.067 105456106 [ $1070£068 | 12600806 75744321 88042240 02004244
gg 120052067 1B,64:0,75 110,44+ 1,08 12305£0,73 | 11852+1,00 182307 | 10054261 1800%3.42
_ 9 11085 £0,6i6 - - o - GH09£4,71 - -
M 553 117222083 - - - — 94.3043,56 - -
o) 3,21 103,27 97,05 107,22 105,08 75,59 80,01 8087

On the average, F1 hybrids have a longer stem, both in the field and hothouse,
than the mean for all parents. As a rule, the stem is somewhat shorter in F»
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hybrids than in Fi, but the differences are not reliable in all cases. 1In the
field, the group means (¥y) for F1 and F2 hybrids involving tester S29 are
reliable different from the means for hybrids F1 and F2 involving tester M553
However, the differences as a function of tester are not reliable for all
hybrids. The means for IB0XS29, AcxS29 TF; and GtXS29 T2 hybrids did not
differ reliably from the means of the same hybrids but with involvement of
tester M553,. In the hothouse, the differences between testers are un-
reliable, as are those between the means of hybrids in two tester groups.
- But DwXS29 and IBOXS29' F; hybrids differ reliably from the corresponding
hybrids that involve tester M553.

Table 4 lists the results of evaluation of dominance level, calculated by two
methods. Dominance calculated according to [1l4] makes it possible to assess
reliable deviations of the mean for hybrid F1 from the mean between the two
parents. As we see, when the plants are raised under natural conditions (in
the field), the means for all F1 hybrids differ reliably from the means
between parent forms (P<0.001 in 7 hybrids, P<0.0l.in 2 and P<0.05 in 1 hybrid).
Consequently, there was manifestation of dominance of the parent with the
longer stem in F1 raised in the field, and the degree of dominance was re-
lated both to the genotype of the maternal parent and the tester. In the
hothouse, we observed reliable deviation of mean F1 from the mean between
parents only in three hybrids (DwxS29, IBOXMS553 and AcXM553), and in

two of these cases the deviations had a negative sign, indicating dominance
of the parent with the shorter stem.

Table 4, Results of evaluation of dominance in Fi

Field Hothouse
x 520 XM 653 xS29 XM 533
Cultis
Vi:'l Y PO Fi~ Pryin e I Py — Py 00%; = o Fi =Py . J . Fi— Py 100 %
o (1) Pronx = Pram 02 (i Prax = P D;P{m’ Prax = Pinin” " D;Pmr' Friax— Fimin

{14} frs) [15} 115}
Dw D87 *e 53,9 B.A5 see 623 —~0.23¢ 344 0.5 51
180 533 see 6814 354 %¢ 598 —388 W04 —9.38¢ 24.'2
P62 7,00 000 742 10,47 oo¢ 78,7 ~3.99 315 —0.28 490
Ac B.12 oo 1039 4,22 e0e 69,8 1,18 55.3 7.23¢ 889
Gt 276 7.2 34780 56,3 240 102,4 N 1,78 854

Reliable.p oo eop oo wrpe 0,001,

We used the formula in [15], which had been used to study dominance and over-
dominance in experiments with barley in a phytotron, to determine the degree

- (%) of dominance. If the obtained value is 50%, it means that there is

o intermediate inheritance or absence of dominance, if it is over 100% it is

- indicative of overdominance. Obviously, these methods of estimating

- dominance reflect only the general nature of manifestation of the charac-
ter, rather than type of action ~f different genes. Nevertheless, the ob-
tained results are important from the breeding point of view.
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The degree of dominance in F:; hybrids depends on the genotype of the ma-
ternal parent, tester and cultivation conditions. Thus, when the plants
are raised in the field, hybrid AcX 529 expressed complete dominance
(103,9) of the parent with the longer stem and hybrid AcXM553 presented
partial domlnance (69.8). In the hothouse, these hybrides presented par-
tial (6Y.8) and incomplete dominance (88.9), respectively. In Fi hyb-

rids involving dwarf cultivar Dw, partial dominance of the parent with the
long stem (55,9 and 62.3) was demonstrated in the field, whereas in the
hothouse the DwX'S29 hybrid presented partial dominance (39.4) of the
parent with the short stem, hybrid DwxM553 having intermediate inheritance
(51.6). There was expression of partial dominance of the parent with a
long stem in the hybrid derived from semidwarf cultivar IBO and raised in
the field, and in the hothouse this applied to the parent with a short stem
(40.4 and 24.4)., However, it should be noted that the deviations of the Fi
hybrid from the mean between parents are not reliable in all cases when the
plants are raised in the hothouse. The results on variability of dominance,
including complete reversal of its direction, are consistent with the data
obtained under the controlled conditions of a phytotron [15], which showed
that, depending on the photoperiod and temperature, the nature of inheri-
tance of quantitative characters in a barley hybrid changed over a wide
range, from intermediate inheritance, partial and complete dominance to
overdominance (floating dominance).

The expeviment in question was not conducted under controlled conditions;
however, the obtained results for different hybrids clearly indicate that
ambient conditions have a serious influence on extent and direction of domi-
nance. Hence, the contradictory information about inheritance of stem
length, obtained by different authors and published in the literature [12],
is understandable. But, apparently, this is not the only reason for the
contradictory facts. Stem length is controlled by many genes with differ-
ent types of action and interaction, and this complicates significantly the
nature of inheritance of this character. The foregoing is confirmed by the
data on distribution of plants according to stem length among parents, Fj
hybrids and the segregated F2 generation (Table 5).

As we see, the distribution of parent and Fi hybrid plants according to
stem length is close to normal and, as a rule, is contained in 5-8 classes
(at 5-cm intervals). It should be noted that Table 5 lists summary data

on four replicas and, as shown by variance analysis, the differences between
replications: are reliable, Consequently, the modifying effect of the
environment, due to the influence of the replications, dincreases the
amplitude of variability. If the phenotypic effect of thereplica is not

of substantial significance to interpretation of the results of plant dis-
tribution according to stem length in genotypically relatively homogeneous
parents and F; hybrids, these effects, which smooth the differences between
genotypes and segregating F) generations, make it difficult to interpret
the obtained data on segregation. On the other hand, the F2 sample is

too small (n = 80) to use the xz method to prove the conformity of actual
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data with the theoretical expectations. The widest spread of variability
is observed in hybrids with participation of short-stemmed cultivar Dw,
regardless of tester.

Table 5. Distribution of plants according to stem length, among parents,
- F1 and F: hybrids

Pa .
gﬁgts Mean size of classes, cm
hybrids ”I’“,'ﬂlﬂl’ﬂlmlm'ulnl:u w,sslo:lnsl!m,uu mluu [E3 R IRTVR IR
Dw @ t 18 )4 {3
Dwx529: Fy g [23 |30 {16 | 2
Fa 2 4 9 5 5 4 8 {10 |11 110 5 5 1 1
Dwx M 553 : Fy 3010 137 17 j11 | 2
F 25 (5 4af4f{e6ft]12]ois!e]|7)8f[s]1]2
18O ¢ 1 10 {30 |23 {15 | 1
1R0X3 29: F, 1 (2] 6 (23|28 [19 | ¢
Fs 5| 7|11 [18 {13 |9 14 { 3
IBOXM 553 : F, g 10 (17 |26 [15 |11
_ - 2 3 1371 82 |7 192 e | 3
z 2 t |13 [17 |2
P62xS29:F, 218 (22 {19 |19 | 9| ¢
s 101 4186 1 817119 114 {12 41 4
PO2«M 553 : Fy 2 113 |34 |24 7
Fy 1 3 2 3 2 5 [t5 (20 8 ] 8 4 2
Ac Q t i 4 134 |29 (Ut
AcXS20: F, { 172 |6 |29 |23 [16 | 3
Fy 1 2 |10 (14 {14 9 6 2 2
AcXM 553 : Fy 212 |10 [23 [27 |46
3 13 [0 [18 |22 {13 |12 1
Cétg £ 13 |12 (2003 (9]1]1
X829 : Fy t 1217 14|23 ]2 |7
Fi $ P4 | 44131022 ]12]|9]4
Gtywsss:F, 39 l21 |19 |47 |11
- F 113|813 [21 {89 4] 1
s29¢4 3 {14 24 J22 |15
MS53 g 3 2 9 J15 125 |2t 5

Typically enough, the hybrids involving semidwarf cultivars P62 and IBO
- differ substantially in nature of segregation in F2, whereas these cultivars
themselves do not differ in stem length, In hybrids derived with the par—
ticipation of P62, the spread of variability in F2 is considerably wider
than in hybrids with cultivar IBO. Evidently, stem length in these two
varieties is controlled by different genetic systems. In hybrids involv-
ing medium-height and tall cultivars, the distribution of Fa phenotypes
is close to normal, and this indicates that the differences between these
cultivars are attributable to genes with a minimal effect.

None of the 10 hybrids presented the heterosis effect for stem length. It
is assumed that dwarfism (Dw) and semidwarfism (P62, IBO) is controlled by
a small number of genes with strong effect, while tallness (Ac, Gt,
529, M553) is controlled by many genes having a mild effect. But this
does not indicate that stem length in short~stemmed cultivars is controlled
only by genes with a high effect. The modifying action of genes with
low effect cannot be ruled out in these instances either. The lack of
- heterosis effect in F1 of the hybrids studied, with regard to stem length,
’ enables us to define the heritability indices in the general sense and, on
this basis, to predict the effectiveness of selection for this character
in segregating generations.
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Table 6., Variances (02) and heritability indices (Hp)

X 8 XM 553
- Culti-| r a ¢
(a" " n
var | F v 7 B v
Dw 2262 25049 | 090 | 2666 | 41782 | o092
10 2743 0560 [ 073 | wwus | 8656 | 054
- P62 30,00 1o | oo | 2004 | si081 | oso
Ac 36,00 o026 | oos | a2 | sess | ooas
Gt 1487 01 | 057 4306 | s | o
ED - O S S
M 553 - - - - - -

Table 6 lists variances (02) for parents, F; and Fp hybrids, as well as the
indices of heritability calculated with the formula proposed in [16]. On
the whole, the heritability indices were rather high for all hybrids, and
the highest ones were obtained for hybrids derived from dwarf cultivar Dw

. crossed with either tester 29 (0.90) or tester M553 (0.92). For the rest
of the hybrids, the heritability indices differed appreciably, depending on
the tester. Thus, the heritability index was significantly higher (0.73)
for the IB0XS29 hybrid than for IBOXM553 (0.54); it was higher for

the P62xM553 hybrid (0.80) than for ~P62x'S29 (0.69). Analogous results
were obtained for other hybrids. Probably, the genotypic environment of
the tester has a substantial effect on the nature of segregation in Fa,

_ although phenotypically there is negligible difference in stem length
between testers 529 and M553.

The heritability indices and variances of phenotypic variability of F»
make it possible to predict the high effectiveness of selection according
to stem length in segregant generations of hybrids with the participation

- of dwarf and semidwarf cultivars. The obtained results do not permit
definite determination of the number of genes controlling stem length,
although phenotypicsegregation in F2 of some hybrid combinations (P62x529
P62 x M553) is consistent with monohybrid segregation (3 long stemmed:l
short-stemmed).

Conclusions

Ten topcross hybrids raised in the field presented reliable dominance of
stem length in F; of the parent with the longer stem. When plants are
raised in the hothouse, a reliable deviation of mean F; from the mean
between parents was demonstrated in only 3 out of 10 hybrids, and in 2

cases there was expression of dominance of the parent with the shorter stem.
It was shown that the degree and direction of dominance (floating dominance)
is related to the genotype of parental forms and environmental conditions.

The heritability index in the general sense ranges from 0.35 to 0.92, depend-
ing on the hybrid combination. The highest heritability indices were
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obtained in hybrids from crosses between dwarf and semidwarf specimen

and long-stemmed cultivars. The nature of segregation in F2 and heritability
indices are indicative of high effectiveness of selection in segregant
generations with respect to stem length,

There are 6 tables; bibliography lists 17 items.
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UDC: 575,12:633.11
MONOSOMIC ANALYSIS OF SPIKE LENGTH IN SOFT SPRING WHEAT
Moscow GENETIKA in Russian Vol 12, No 10, 1976 pp 5-9

[Article by R. A. Tsil'ke and I. A. Tsil'ke, Siberian Scientific Research
Institute of Agriculture, Omsk, submitted 23 Jan 76]

[Text] 1Introduction

The main information about inheritance of wheat head characters was obtained

from hybridological analysis., Filipchenko [1] has reported the most complete =
information about the nature of inheritance of spike length; he arrived at
the conclusion that spike length and number of spikelets per spike of

soft wheat are controlled by at least 14 genes, which can be divided into

2 groups, according to their action: 1) genes that control only spike length,
- and 2) genes that control both spike length and number of spikelets per spike.

Considerable work has been done in recent years dealing with the nature of
inheritance of spike length [2-23], and in most cases a high degree of
heritability of this character is reported [5, 14, 23]. However, it must be
noted that there is marked fluctuz.ion of the heritability coefficient, in
both the general and narrow sense, depending on which parental forms are
used in the crosses. Low heritability of this character is reported by
Reddy et al. [16].

- Walton observes, on the basis of the results of diallelic analysis, that
spike length is controlled mainly by genes with additive action [20-22].
But this not rule out other effects of gene action and interaction, such -
as overdominance, different degrees of dominance and epistasis. Evidently,
in the cases where heterosis is manifested we are dealing not only with
overdominance, but complementary gene action [2, 8, 12, 17, 18]. The pre-
dominant significance of additive action of genes that control spike length
is confirmed by studies indicating intermediate inheritance of this charac-
ter [6, 7].

We know of very few works dealing with chromosomal localization of genes
that control spike length [24]. The summary of Ausemus et al. [25] indicates
that all chromosomes, excepting 2B, 2D, 1B, 5A and 6D, influence the length
of the spike axis.
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In view of the fact that spike length is important to breeding, it is impera-
tive to accumulate information about genetic control and, primarily, the
influence of different chromosomes on degree of expression of this character.

- In this article, we report the results of monosomic analysis of spike length
in a Chinese Spring X Mil'turum hybrid. The results of monosomic analysis
of stem length, spike demsity, number of spikelets per spike, kernmel weight
per spike and duration of germination--heading period were reported elsewhere
[26-30].

Material and Methods

In the experiment we used Chinese Spring (CS), Mil'turum 553 (M553), disomic
F1 and F2 CS M533 hybrids and monosomic F1 and F2 hybrids from 21 combina-
tions of mono-CSXM553., The working hypothesis, information about base mate-
rial and methods used were described previously [26-28].

Experimental Section and Discussion

We submit below data on spike length in the original cultivars and disomic
F1 and F2 hybrids (xisi, m m):

Cultivars and hybrids 1971 1972
Cs 73.2%1.25 78.3%1,37
M553 118,8%1,58 110.2+1,73
- CSxXM553 F1 - 106,5%1,15
CSXM553 Fa 103.8+1.51 106.2%1.62

R As we see, the original cultivars differ appreciably in spike length: in
1971, the difference constituted 38.6 mm and in 1972 31.9 mm. It should be
noted that this character was more stable under different vegetation
conditions than other juantitative characters [26, 29, 30].

In F; of the disomic hybrid there was manifestation of incomplete dominance
in 1972, in the direction of the parent with the longer spike (M553). In F2
spike length was the same as in F;, which is indicative of additive action
of genes that control spike length (see Table). Evidently, in the hybrid
we studied, spike length was controlled mainly by genes with additive
action, but which expressed dominance at the same time.

Spike length is oune of the traits for which the effect of monosomy is the
most distinctly expressed.

In 1971, 11 F» hybrids that were monosomic for chromosomes 3A, 5A, 2B, 3B,
4B, 5B, 6B, 1D, 3D, 4D and 5D differed reliably from the disomic I hybrid;
monosomy caused lengthening of the spike for only one of the chromosomes
(54), whereas it caused shortening of the spike for all the others. In 6
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monosomic hybrids (3A, 3B, 4B, 5B, 3D and 4D), the spike became shorter by
more than 10 mm, as compared to the disomic hybrids.

In 1972, 14 ¥y hybrids monosomlc for chromosomes 2A, 3A, 3B, 4B, 5B, 6B, 71,
b, 2D, 3D, 4D, 5D, 6D and 7D, and 11 F; hybrids monosomic for chromosomes
3A, 5A, 3B, 4B, 5B, 1D, 2D, 3D, 4D, 5D and 6D differed reliably from the
control. Typically enough, monosomy induced reliable increase in spike
length, in both F; and F,, in two hybrids (1D and 6D).

Hybrid spike length, mm

o 1972
Hybk+:id F Fr nC "
: K 2d 5 +d < &d
Mono~CS. 1A x M 553 1034 | poo| 48 | 1070 | 405
L T 4 1] 1022 | o0 | -42 | 1032 | -339
won 3AXMS553 882 | 92,8 |~1100%e| 932 [-133 00
woon GAXMER 1000 | 1020 | ~18 | 1002 | +2,7
W n GAXMGS3 105,7 | 1102 | +64 | 1070 | 405
o m GAXNMGS53 1014|1001 | -27 | 1058 | -07
TA X M553 1000 [4026 | ~t2 | 1045 | -20
Mean for genome A|[fuie|turo|-28 | 103 | -22
Mono=-CS .1nx M558 1004 | 996 | -4.2 109,0
O Top X N 553 105,5 | 078 | ~0ue | 1045
" Moan X M3 034 | 025 |-11,3¢+¢| 930 X
8§ 85,5 1 875 |- 1h3see| 014 |-15,100
all X M 553 27 ] 037 [-10geee | 0410 (119000
A 1§43 V1) 037 | 054 | -n7 0w | 1007 | ~5Beee
" UMY 97.4 | 4047 | -0 1028 | 37
Mean for genome B| 54| 950 | -B2 | 1004 | -04
- 11) X M 553 1064 ] 06,1 | ~770% | 1118 | #5300 +55¢
Mono-Cs 20 X M 55 887 | 1006 | -32 98,0 [ -85000| 930 |-1327*
woow 3)XM5E3 877 14 |-124e2| 037 |-128%e2( 807 [~4G5o**
woom ADXMB36 041 | 0200 [-138 00| 992 | ~7:300%| 977 | -85 e
W on SDXM5S3 926 | D44 | ~0ih0es| 038 [-127ese] 054 |-1uBeee
w o om GDXMS53 62311004 | -34 e s20e IS 34
D X M 553 1007 | 997 | - -55 59 [ -0
MBan "for’ géfiome D| g | 004 | -74 | 109 |58 | f007 [ -55
Mean for all gen. | 974} 9771 -0 | 1048 | 47 1025 | -37

* P<0,05.
*e P00,
' o0 P<0,001.

A reliable and similar effect of monosomy in different years and generations
was expressed for chromosomes 3A, 3B, 3D, 4B, 4D, 5B and 5D, We were im~
pressed by the fact that the same effect of monosomy was expressed for three
chromosomes of the third homologous group and for two chromosomes in the
fourth and fifth homologous groups. Such repetition of the monosomic

effect in homologous groups apparently shows that the genes have a duplicat-
ing action, due to polyploidy of the chromosome set of hexaploid wheat.

The mean values for the genomes indicate that the monoxomy effect is
greater for chromosomes referable to genomes B and D.

On the basis of the obtained data, it is assumed that the main genes con-
trolling spike length are localized in chromosomes 3A, 3B, 4B, 5B, 6B, 1D,
3D, 4D and 5D, Modifier genes are localized in the sther chromosomes that
expressed the monosomic effect. It was demonstrated that the magnitude

of the phenotypic effect of monosomy depends on vegetation conditions and
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generation, The monosomic effect was not expressed in either 1971 or 1972
for 5 chromosomes (1A, 4A, 6A, 7A and 1B). One of these chromosomes (1B)
is mentioned in [25] as the chromosome for which the monosomy effect has
not yet been demonstrated with regard to the character in question., 1In
addition, it should be noted that two chromosomes (5A and 6D) were
demonstrated in addition to those known previously [25].

It is assumed that dominant genes with additive action are localized in
chromosomes 3A, 3B, 4B, 5B, 6B, 2D, 3D, 4D and 5D, since loss of one
homologue of these chromosomes causes shortening of the spike in monosomic
- plants. The instances where monosomic hybrid populations (5A, 1D and 6D)
form a longer spike than the disomic hybrid are apparently indicative of
the presence of dominant genes in the relevant chromosomes, which shorten
the spike, and for this reason loss thereof causes elongation of the spike
in monosomic plants. The effects of these genes are very markedly modified
_ by environmental conditions.

= The difference in direction of action of the monosomic effect, depending on
vegetation conditions, is attributable, in our opinion, to the great
sensitivity of plants with monosomic constitution to different environmental
factors in ontogenesis,

We should call attention to the fact that none of the monosomic hybrids
studied presented a reliable superiority to the paternal parent, M553
cultivar, with respect to spike length.

Monosomic analysie revealed that the action and interaction of genes
localized in the chromosomes of two cultivars differing markedly in spike
length create a complex phenotypic expression of the character in hybrid
populations.

Conclusions

The effect of monosomy on spike length was manifested in F» for 11 chromo-
somes in 1971, in F; for 14 chromosomes and in F, for 11 chromosomes in

- 1972. In three cases (5A in 1971, 1D and 6D in 1972) monosomy caused
elongation of the psike and in all others, shortening,

The similar and reliable effect of monosomy in the 2 years and generations,
in the direction of shortening of the spike, was manifested for chromosomes
3A, 3B, 3D, 4B, 4D, 5B and 5D.

In addition to previously known chromosomes, we demonstrated the influence
- of chromosomes 5A and 6D, in which the genes controlling spike length are
probably localized.

It was demonstrated that the effect of monosomy on expression of the charac-
ter is significantly modified by environmental conditionms.

There is 1 table; bibliography lists 30 items.
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STUDY OF INHERITANCE OF QUANTITATIVE CHARACTERS IN SOFT SPRING WHEAT
TOPCROSSES. REPORT 2: DURATION OF PERIOD FROM GERMINATION TO HEADING

Moscow GENETIKA in Russian Vol 13, No 1, 1977 pp 5-14

[Article by R. A. Tsil'ke, Siberian Scientific Research Institute of Agri-
culture, Omsk, submitted 3 Jun 75]

[Text] Introduction

Vavilov [1] wrote 40 years ago: '"The question of vegetation period is a
major section of breeding, since it is inseparably linked with many proper-
ties. Extension or shortening of the vegetation period is associated with

a change in plant chemistry, its attitude toward diseases, and not in-
frequently the very image of the plant changes. We expect maximum practical
advances in this field in the next few years.... There has virtually been no
development of genetics of the vegetation period."

When studying inheritance of duration of interphase periods, the researcher
encounters methodological difficulties. It is known that information ob-
tained from experiments conducted under natural conditions is of primary
importance to the solution of breeding problems. However, the numerous
environmental factors are interwoven in such a complex manner in their
cffects on ontogenesis that it is quite difficult to single out the com-
ponents of variability induced by different environmental or genotype fac-
- tors. Since genetic analysis of the vegetation period is conducted on
hybrids derived from crosses between parents differing in rate of development,
various conditions are formed in the course of raising the plants related
to time, for the original parents, Fi; and F; hybrids. Morphogenesis of
structural characters is closely linked with the rate of development and
environmental conditions; for this reason, the genotypes of the segregant
generation, which differ in duration of interphase periods, are submitted
to different conditions, and this affects formation of economically useful
characters and, consequently, the nature of inheritance thereof.

In view of the fact that it is technically difficult to define the maturation

phases of different plants, it is more convenient to study the duration
of the germination--heading period [heading date], which is closely related
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to overall duration of the vegetation period. Investigation of the nature
of inheritance of duration of different interphase stages and the vegeta-
tion period as a whole using methods of hybridological analysis revealed

that these characters are controlled by many genes with different types of
action and interaction [2-12]., Crumpacker and Allard [7], Hsu and Walton

[8, 11], who studied diallelic hybrids, established that heading is con-
trolled mainly by genes with additive action, which manifest significant
dominant and overdominant effects; there is more stable manifestation of
additive action under different vegetation conditions than dominant and over-
dominant action. As a rule, complete and incomplete dominance, as well as
overdominance, are manifested in the direction of the parent with the shorter
heading date. Wehrhahn and Allard [12] developed a special system of back-
crosses to identify different genes controlling heading in a hybrid ob-
tained from crossing two wheat cultivars differing by 15 days in heading date.
It was shown that the difference in heading date is controlled by 4 genes,
the effect of one of these genes constituting 80% and that of the other

- three together 14% of total additive variance.

In this article, we submit the results of studies of inheritance of duration
of germination--heading period.

Material and Methods

- We used wheat cultivars from different zones as the maternal parents: Acadia
(Ac), 1V0-3048-433 *1B0), Pitic 62 (P62), Dwarf SgggA-7 (Dw) and Gun To-may
(Gt), received from the collection of the All-Union Scientific Research Insti-
tute of Plant Growing imeni N. I. Vavilov. Saratovskaya 29 ($S29) and
Mil'turum 553 (M553), which are cultivars that are raised extensively in
Siberia, served as the paternal parents (testers). Hybrid seeds were ob-
tained in 1972 under field conditions. Fi1 hybrids were raised in the hot-
house to obtain F2 seeds. The parents, F; and F; hybrids were studied in
the field in 1973-1974, Experiments were repeated 4 times. The plots were
2 m long. The area of plant nutrition constituted 200 em? (10%20). We -
planted 160 seeds (40 per block) for each parent, F, and F» hybrid; in 1974,
we planted 400 seeds of each (100 per block). Sowing was done with a
manual sower on 29 May in 1973 and 26 May in 1974. The plants were
sprayed with vofatox (metaphos) dust against wheat flea beetles and
"skrytostebel'nyye" [stem boring?] pests during the period between germination
and "shooting." We recorded the heading stage for each plant, labeling
the first shoot to form a head. We took for analysis only plants for
which the regional effect was ruled out over the nutrition area.

The meteorological conditions were favorable for wheat development in 1973.

The mean monthly air temperature was slightly higher than the perennial

mean in May, June and August, and lower by 0.4°C in July. During the -
vegetation period the rainfall was 31 mm above the norm (a total of 225 mm),

In 1974, the conditions were unfavorable. During the heading period (July)

there was dry and hot weather, and this led to drastic acceleration of

development. In July, there was 1.6 mm precipitation, which is 2.4% of the

norm.
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Experimental Section and Discussion

Variance analysis revealed that the differences are reliable, not only
between variants, but between repetitions (1974), although the experimental
sector was uniform in topography and ground cover (Table 1), 1In 1974,
there was also reliable variant X replication interaction.

Table 1. Results of variance analysis

Source of adid o
variability al I ms ' F @t m ’
Vaz{igg% 2) 2 | 590032 | 53286 20 | 307657 | 27886
;’.ep{wa??acu. B 3 8,70 0,83 3 | 27425 | 19,23
nteraction (aB)
8 X
Chance 1 1442 | 131 b} 5006 | 355¢
deviations 1895 16,51 - 5129 14,26 -
A * P<0,004.

Table 2. Duration of germination--heading period in parents and hybrids,
days (xtsy)

1873 1974
Culti~ Sm M58 S2 4353
P ”
- vaxr ? 3 3 7 | ) 3 ¥ n
3985:0,49 | 39,22£0,16 | 4064028 | 45432028 | 40.002050 | 30,6120.46 | 40212048 | 40.54=0,18 | 44,68=022 | 46,10£0.20
?Bco ss.'glzo,zs 3052:0117 | 41825064 | 46872031 | 5330088 | 4802022 | 41362021 | 4297027 | 48242042 | 51.57+031
- P62 81.7820.33 | 39,62+0.22 | 41.52£035 | 47,54%030 | 59,910,501 | 47.882029 | 4044=0,45 | 43472023 | 4801=029 | 5247018
62772026 | 3870022 | 41.20=043 | 47.60=028 | 57,222064 | 43802029 | 4072028 | 42222031 | 48622028 | 3.324029
D&t 63.1320,23 | 42,44£021 | 43,79+0,41 | 50,0120,20 | 61,802045 | 46,7620,23 | 42,58=0,19 | 45,18=20,22 | 49482050 | 3386020
S29 44,26+0,32 - - -. - 42,27£0,25 - - - -
MS53 62,68+0.39 - - - - 53,0420,27 - - - -
2 55,90 39,92 41,72 47,49 56,26 46,88 41,06 4282 4781 51,08

Table 2 lists data on duration of the germination to heading period for the
- cultivars and hybrids studied. As we see, the genotype and vegetation

- conditions have a substantial influence on the rate of plant development.
Early ripening cultivar Ac and average ripening S29 were characterized by
the shortest heading date; they presented negligible differences between
years. In 1973, there were insignificant differences in duration of this
period in P62, Dw, Gt and M553, and in 1974 this applied to 1BO, Dw, P62

- and Gt.

The difference between tester cultivars constituted 18.42 days in 1973 and
11.67 in 1974. Against the background of substantial differences between
parents used in the crosses, particularly in 1973, we were impressed by the
- similar means for the hybrids. This period ranged from 38.79 to 42,44
days in F; hybrids derived from tester S29 in 1973 and 40.21 to 42.58 days
in 1974, while for hybrids derived from tester M553 the figures were 45.43
to 50.01 and 44.68 to 49.48 days, respectively. For the maternal parents,
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this period ranged from 39.85 (Ac) to 63,13 days (Gt) in 1973, and from
39.61 (Ac) to 48.90 (1BO) days in 1974.

With respect to the rate of development of parents and hybrids as a whole,
it should be noted that, while there were drastic differences in vegetation
conditions, the F1 hybrids presented much greater stability of development
rate than the original cultivars. While the difference between group

means (xo) constituted 9.02 days between years for the cultivars, it was
1.14 in F1 hybrids derived from tester S29 and 0.32 for those derived

from M553, and in F2 hybrids it was 1.03 and 5.20 days, respectively.

Apparently, the phenotypic expression of the character in question depends
on the nature of inheritance thereof, which is determined by the type of
action and interaction of genes that control all reactions related to
ontogenetic development rate. The nature of inheritance predetermines, to
some extent, the rate of development under different vegetation conditions.
Under favorable vegetation conditions (1973), the F1 hybrids derived from
tester 529 formed heads an average of 15 days sooner than the maternal
parents. Under adverse conditions (1974), the difference dropped to 5 days
and, what is very important, this was attributable to drastic acceleration
of development of maternal parents. A somewhat different reaction to en-
vironmental conditions was manifested in hybrids derived from the late
ripening tester M553: heading occured an average of 7 days sooner in Fi
hybrids in 1973 and 2 days sooner than the maternal parents in 1974. We
can very clearly see how environmental factors interact with the genotype.

The unfavorable vegetation conditions in 1974 at the heading stage affected
primarily the late ripening varieties, accelerating their development. By
virtue of their genetic structure, which is determined by the dominant
action of genes, the hybrids developed at the same rate as in 1973,

A comparison of rate of development of F1 and F2 shows that it was negli-
gibly retarded in hybrids involving tester S29 in F2, whereas F2 hybrids
involving tester M553 presented appreciable slowing of development, as
compared to F1, especially under the favorable vegetation conditions in 1973.

In view of the fact that mainly complete dominance and overdominance were
expressed for the character under study in F1 hybrids, we did not evaluate
the degree of dominance. Table 3 lists data on expression of the heterosis
effect in F1 hybrids. The negative values indicate that the duration of

the germination--heading period is shorter in Fi1 than in the parent with

the shorter period. Typically enough, under favorable vegetation conditionms,
the heterosis effect was manifested in more hybrids than under unfavorable
conditions. There was manifestation of a reliable heterosis effect in 8
hybrids in 1973 and in 2 out of 10 in 1974. Such a drastic change in nature
of inheritance, when a high degree of overdominance is expressed under some
conditions and dominance under others, is indicative of lability of the
genetic system of control of rate of development, at least during the

period between germination and heading.
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- Table 3, Expression of heterosis effect in F; hybrids

1973 1074
- Culti~ s I M 583 | s ] S

var [deviat.from parent with shorter heading date

day# % days| % |[days| % |days| »

Ac | -063 1,50 558%( 1400 | 060 | 151 5010 | 127

_ B0 | -474% | 1071 | -994+{ 750 | 0,01 246 | -068 xhg
P62 | —464% | 1049 |-t424¢| 2305 | -183% | 433 013 027

Dv | -547¢ | 1236 |-1508%| 2406 | -155% | 2067 | 048 037

Gt |-te2e | are l-pee| 2022 | o 0,73 272 | 58t

* p<o,0ol1.

Table 4. Variances 0° and heritability indices Hy

1973 1874

Cul- o a ot al
B ti- S g, M 353 |, S29 N My | o,
var b4 P
B P P Fy 1) P F P
Ac 2,79 | 2,02 6,2 0,4! 5,94 17,63 0,64 3,23 4,35 8,66 0,42 6,20 | 13,32 0,54
180 5,80 |2,38| 28,5 0,84 7,64 53,88 0,85 5,55 5,51 20,99 0,71 (11,28 ¢ 29,29 0,69
P62 7,98 |3,91 9,11 0,35 6,72 17,97 0,56 8,11 2,76 16,37 0,67 9,22 | 10,89 0.19
&w 5,18 (3,021 14,16 0,63 6,24 29,72 0,76 10,35 8,92 34,07 0,73 8,60 | 27,38 0,67
T 3,30 |3.44 | 12,0 0,62 6,14 14,58 0,55 6,32 4.36 17,09 0,66 |8,51 | 12,74 0,37
S29 8,00 [ — - - - —_ 8,02 —_ — — - — —
Mss3 | 10,53 | — - - - - - 8.58 - - - | - - -

Table 4 lists the variances and heritability indices in the broad sense. The
variances are significantly higher in F; hybrids derived from tester M553 than
in hybrids with tester S29, with the exception of the hybrid involving Dw
(1974). It should be borne in mind that very similar variance values were
obtained for the testers. For this reason, the above differences in vari-
ances for F; hybrids are apparently related not only to differences between
testers in duration of the germination--heading period, but genotypic dis-
tinctions of the testers. F; hybrids derived from M553 germ plasm are
phenotypically less homogeneous than hybrids derived from S29 germ plasm.
This could be related to the greater sensitivity of M553 plasm, which is

R demonstrable when it interacts with plasm of other cultivars.

The calculated heritability indices in the broad sense (Hp) give us an idea
about genotypic variability of F2 induced by segregation of genes controlling
the rate of development between germination and heading. Evidently, this
index cannot serve as a reliable criterion for predicting the genetic effect
of selection, since a significant part of F» variability is induced by over-
dominance. This applies primarily to the results for 1973, when all hybrids
except two presented the heterosis effect. Evidently, this also explains

why the heritability index was lower in 1974 than in 1973 in all hybrids
derived from tester M553, and we saw that there was no expression of over-
dominance in hybrids with this tester in 1974.
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r in F; and F hybrids derived

from tester $S29 and in their parents

cu

rves for the late ripening parent.

The curves of plant distribution
according to duration of germina-
tion--heading period provide the
fullest information about parent
reaction in hybrids to environmen-
tal conditions (Figures 1 and 2),
The distribution of plants among
parents and F; hybrids is close

to normal; however, the curves
either have pointed or bell-
shaped peaks, depending on the
genotype and vegetation conditions.
With the exception of the early-
maturing AcXS29 hybrid, all others
presented appreciable differences
in intensity of the trait and
nature of segregation of plants

in F2, depending on vegetation con-
ditions. Under favorable vegeta-
tion conditions, when there was
fuller expression of genetic in-
formation of each genotype,

there was distinct manifestation
of a difference between the
parents of hybrids 1B0xS29,
P62x529, DwxS29 and GtxS829. 1In
fact, the curves of parent dis-
tribution did not overlap for any
of these hybrids (see Fiugre 1)

in 1973, and the curves for F;
hybrids were characterized by
sharp peaks in all cases, which
is indicative of simultaneous
plant heading.

In 1973, the curves of distribu-
tion of F» DwXS29 and GtxS29 hyb-
rids did not overlap, while F;
1B0%S29 and P62xS29 hybrids were
overlapped partially by the

In 1974, the parent curves overlapped

significantly for all hybrids, while the F2 curves exceeded the limits of
parent curves, which is indicative of transgressive segregation. In
1BOXS29 ¥, hybrids, there was segregation of transgressive recombinants,
with both earlier and later heading date than in the original parents.
There was segregation of recombinants with later heading date than in the
late ripening parent for P62xS$29, DwxS29 and GtxS29 F, hybrids.
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Figure 2.
Distribution of plants according to
germination—--heading period in F; and
F, hybrids derived from tester M553
and in their parents

Figure 2 illustrates the curves
of plant distribution among
hybrids derived from M553. In
all of them, with the exception
of AcXM553, the curves of the
original parents overlap, either
significantly or entirely. We
were impressed by the fact that
there was no overlapping of dis-
tribution curves for F; plants
of 1BOxM553, DwxM553, GtxM553
hybrids in 1973, and in hybrid
P62xM553 there was partial over-
lapping with the curves for the
original parents, whereas in
1974 the F) curves overlapped
with those of the parents with
earlier ripening and in F2 wit

the ones with later ripening.

It must be noted that the vege-
tation conditions have a substan-
tial effect on the nature of
segregation in F2. Thus, the
curves of distribution of
1BO*XM553 and DwXM553 F2 hybrids
were characterized by distinct
presence of two peaks in 1973; in
1974, there was a mild double-
peak for the 1BOXM553 hybrid and
none for the DwXM553 hybrid.

This study shows that the rate of
development is subject to marked
variability to a greater extent
than any other trait under the

influence of environmental factors;

for this reason, it is extremely

important to know the nature of expression and inheritance of this func-
tionally complex character under different vegetation conditions, even

within the same ecological zone.

One can assess the genotypic structure

of material under study only on the basis of the reaction of parents and

their hybrids to specific vegetation conditions.

Stability of a cultivar

with regard to rate of development is particularly important from the

standpoint of breeding.

This is attributable to the fact that a stable
variety expresses more fully the traits related to productivity.

A culti-

var may be classified as an intensive type if it makes utmost use of all
environmental factors that are instrumental in expression of potential pro-

ductivity of the genotype.
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important role. If a cultivar is subject to drought at some stage or other
and it reacts by marked acceleration of development, the precipitation
occurring at a later time will not be utilized. But if the rate of develop-
ment is retarded during a drought period, as is the case for the West
Siberian ecological group of wheats, the cultivar makes more efficient use
of natural and climatic conditions to augment the harvest.

With reference to the information obtained on the rate of development of
local cultivars and those from other zones, as well as their hybrids, we

N see that all of the nonlocal cultivars, with the exception of early ripening
Ac, reacted to the adverse vegetation conditions of 1974 by drastic accele-
ration of development. Against this background, we can clearly see the
advantage of local S29 and M553 cultivars: the germination--heading period
diminished by 2 days for $29 in 1974, as compared to 1973, for M553 it
diminished by 9 days, whereas for 1BO, P62, Dw and Gt, which are cultivars

a from other regions, it diminished by an average of 13 days.

In analyzing the nature of inheritance of this period in the material studied,
it should be noted that this period is controlled in F; and Fj hybrids
mainly by genes with a dominant effect, whereas under favorable vegetation
conditions there is manifestation of overdominance in the direction of
accelerated development in F3. This type of gene action may be significant

- when using the heterosis effect in wheat. With the ordinary breeding pro-
grams, one must bear in mind that it is impossible to define earliest
ripening by selection of phenotypes in F, among hybrids that present over-
dominance for this trait.

- The obtained information makes it possible to resolve breeding problems
related to selection of base material for crosses and selection of the
desired recombinants in segregant hybrid populationms.

The author wishes to express his sincere appreciation to S. A. Sadykova,
Ye. Ya. Reger, L. K. Getman and K. Ye., Shpayder for their technical assis-
tance with the experiment.

Conclusions

A study of 10 topcross F; and Fz hybrids derived from five nonlocal cultivars
used as maternal parents and two local tester cultivars revealed that the
vegetation conditions have a strong influence on the nature of expression
and inheritance of duration of germination--heading period.

In the presence of marked differences in vegetation conditions, the F; hyb-
rids demonstrated much greater stability of rate of development than the
original cultivars.

The difference between group means in different years constituted 9.02 days
. for the cultivars, 1.14 days for hybrids derived from average ripening
- tester 529 in F;[sic] and 0.32 day with late ripening tester M553, 1.03
and 5.2 days, respectively, in Fy.[sic]. Heading occurred 5 days earlier
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in F; hybrids derived from tester 529 under favorable conditions and 5 days
sooner than maternal parents under unfavorable conditions; the figures for
hybrids derived from tester M553 were 7 and 2 days sooner, respectively.

A reliable heterosis effect (2,65+24.06%) was manifested in 8 hybrids in
1973 and 2 out of 10 in 1974. 1In the other cases, the hybrids presented
complete and partial dominance in the direction of the parent with the
shorter germination--heading period. The index of heritability in the
broad sense, Hp, ranged from 0.35 to 0,85 in 1973 and from 0.19 to 0.73
in 1974.

The curves of plant distribution revealed that there was an appreciable
change in segregation in Fz depending on vegetation conditions.

There are 4 tables and 2 illustrations; bibliography lists 12 items.
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STUDY OF INHERITANCE OF QUANTITATIVE CHARACTERS INM SOFT SPRING WHEAT
TOPCROSSES. REPORT 3: SPIKE LENGTH

Moscow GENETIKA in Russian Vol 13, No 2, 1977 pp 197-209

[Article by R. A. Tsil'ke, Siberian Scientific Research Institute of Agri-
culture, Omsk, submitted 22 Jul 75]

- [Text] Introduction

The head of wheat consists of a complicated set of characters, each of
which is of breeding and taxonomic significance. Different combinations
and expressions of structural elements yield a wide diversity of shapes,
density and, consequently, productivity of the spike. Depending on the
direction of breeding and growing conditione, considerable differentiation
of cultivars according to spike characters is observed in wheat. Breeders
have developed unique specimens by using the natural gene pool, with regard
to shape, structure and productivity of the spike, and this is indicative
2 of the effectiveness of modern methods of upgrading wheat.

The simplicity and feasibility of measurement of structural elements of
the head have made it possible for many researchers to study the nature
- of their inheritance. The main information concerning the nature of in-
heritance of spike length was obtained by the method of hybridological ana-
1 lysis. Special mention must be made of the classical works of
Filipchenko [1] on quantitative genetics of wheat, Having summarized his
own extensive experimental data and the findings of other researchers, he
concluded that spike length and number of spikelets per spike of wheat are
controlled by at least 14 genes (allelic pairs).

Many studies have been published in recent years that deal with the nature
- of inheritance of spike length [2-22], in some of which high indices of
) heritability of this character were obtained [4, 13, 16] and in others,
low indices were found [8, 21, 22}. 1In addition, it is noted that indices
of heritability, in both the broad and narrow sense, vary widely, depending
on the base material used in the crosses and on environmental conditions
under which experiments are conducted.
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- Diallele analysis revealed that spike length is controlled chiefly by genes
with additive action., It was also shown that the genes that control spilke
length manifest in some cases varying degrees of dominance, overdominance
and nonallelic interaction [7, 12, 14, 15, 19]. The prevalent significance

- of additive action of genes in genetic control of the character under study

is confirmed by studies which demonstrated intermediate inheritance [16, 22].

It isrindicated in some works that an insignificant heterosis effect is ex-

pressed in F1 hybrids [2, 9, 11]. '

- Few experimental data have been published concerning chromosomal localiza-
tion of genes that determine development of the rachis [main axis] of the

) spike. In the summary of AuSemus et al. [23], it is indicated that all

_ chromosomes, with the exception of 2B, 2D, 1B, 5A and 6D, influence the
length of the rachis.

Very few studies have been conducted in Siberia concerning the nature of
inheritance of spike length, although such information is extremely necessary
in order to upgrade breeding programs. In this article, we report the
results of an experimental study of inheritance of spike length in soft
spring wheat topcrosses.

Material and Methods

Nonlocal cultivars, Dwarf Sese A-7 (Dw), IB0-3048-433 (IB0), Pitic 62 (P62),
Acadia (Ac) and Gun To-may (Gt), obtained from the collection of the All-
Union Scientific Research Institute of Plant Growing imeni N, I, Vavilov,
were used as maternal parents, Saratovskaya 29 (529) and Mil'turum 553
(M553), which are cultivars that are widely grown in Siberia, served as

- paternal parents (testers). The base material and methods of studying
parents, F1 and F2 hybrids under field conditions were described in detail

- previously [24, 25].

Experimental Section and Discussion

The results of variance analysis listed in Table 1 indicate that the
differences in spike length induced by variants and replications are highly
reliable (P<0.001). Typically enough, in spite of relative evenness of

, the experimental plot with regard to topography and top soil, the conditions
of different replications make a substantial contribution to the general
phenotypic variability of the character. In 1973, there was also reliable
variant X replication interaction. The fact that considerable variability
induced by heterogeneity of the plot and genotype X environment interaction is
demonstrable under field conditions indicates that the researcher en-
counters certain difficulties in genetic experiments dealing with quantita-
tive genetics, in the presence of a certain type of gene action and inter-
action, as well as the contribution of an individual gene or genes to
development of the character,
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Table 1. Results of variance analysis

1073 1074
Source of

variability o e r o m F

Variant (factor A) 2| 10002

7 A 02,19 26| 13364, 18,0 *
Regllcat;on fact.B 3 572,52 54i6% 3 35}3 ‘%%~
In Sracglon ABA 78 220,74 2,%" 8 180,07 | 1.40
Random deviations 2052 01,07 - 108! 135,41 -

* p<oont,

Table 2. Spike length in hybrids and parents (;isi), mm

1973 . 1974

S29 M 583 529 M8
P
) P Fy 4] LI F P Fr

LUKTETIRR] 00.58x 1,21 94.61£0,64
0,700,731 03,78 =087
06, Q012082 107 M.66£0.55
P82 106,104,836 | 98,8 B 104,044 98.['0:&6?
Dw 106,162 1,08 | 94,0620, 03, H2151,01 107,14£0,77

- S29 85.65+082 - - - - -

M 353 92,72=4,31 - - - - $8,4021,10 - -

Fo 90,30 85,71 83,32 100,86 08,15 84,60 88,87 98,44

Table 2 lists data on spike length in parents, F; and F, hybrids. In the
maternal plants, spike length ranged from 68.70 (Ac) to 106.16 mm (Dw) in
1973 and from 67.79 to 92.70 mm in 1974, As we see, the fluctuations in
the two years were more marked in late ripening cultivars Gt, P62 and Dw,
than in early ripening Ac and average ripening IBO. In 529 and M553
cultivars, raised locally, this character was more stable than in the
foreign cultivars characterized by an analogous rate of development,
Typically enough, unlike all other cultivars, the Siberain M553 formed

a longer spike under the adverse conditions of 1974 than the favorable ones
of 1973,

- Among hybrids derived from tester S29, spike length in F; ranged from 79.79
(IBO%XS29) to 94.06 mm (DwxS29) in 1973 and from 83.77 (AcxS29) to 93.63 mm
(P62%S29) in 1974; in Fp the figures were 79.25 (IB0%XS29) to 93.71 mm
(DwxS29) and 81.43 (AcxS29) to 92.75 mm (DwxS29), respectively. In hybrids
derived from tester M553, spike length in F; ranged from 86.14 (AcxM553)
to 112,15 mm (DwxM553) in 1973, and from 92.50 (AcxM553) to 106.90 mm
(DwxM553) in 1974; in F2, the figures were 88,72 (IBOXM553) to 109.29 mm

- (DwxM553) and 94,61 AcxM553) to 107.14 mm (DwxM553), respectively. It
must be noted that most F, hybrids had a shorter spike than F,, although
the differences were usually unreliable., In 4 cases, a longer spike was
formed in F2 than in Fi1; in 3 cases the differences were statistically
reliable: for AcxM553 in 1973, for DwXS29 and IBOXM553 in 1974.
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Considering the obtained data on spike length as a whole, it should be noted
- that the hybrids presented greater stability each year than the cultivars.
However, 529 and M553 grown locally and the foreign early ripening Ac were
an exception. Thus, the difference between group means (xq) constituted
- 5.70 mm for the cultivars, 2.16 for hybrids involving tester S29 in F1 and
’ 2.37 in F2, 2,02 and 0.29 mm, respectively, for the hybrids derived from
tester M553. We must call attention to the fact that the stability of ex-
pression of the character under different vegetation conditions is related
to a significant extent on the rate of plant development, since expression
of genetic information determining formation of the spike rachis is closely
- linked with occurrence of the different ontogenetic stages that are con-
trolled by both the genotype and environment. Moreover, stability depends
on adaptation of the variety to the environmment in which it is raised. We
refer to the adaptive reactions of the genotype and its capacity to with-
stand adverse environmental factors, particularly those that are extreme
but briefly involved. The degree of stability of the varieties studied
is related to different causes. The stability of early ripening cultivar
Ac is attributable primarily to the fact that the genetically determined
accelerated development of the cultivar ruled out the adverse influence of
unfavorable environmental factors (inadequate rainfall and high temperatures)
in July 1973, since by this time the stages of development related to
- formation of the main axis of the spike were already terminated in the
parents. As we have already reported [25], adverse environmental factors
of July 1974 ind. ed a drastic reduction of the germination--heading period
in the other foreign cultivars (IBO, P62, Dw, Gt), as a result of which there
was incomplete expression of genetic information that determines development
of the main axis. Thus, we see that instability of expression of the quan-
- titative character under study in foreign cultivars is related primarily to
the marked deviation of the genotype from normal with respect to rate of
development, due to the lack of adaptation of these varieties to local
conditions.

- This correlation can be illustrated particularly well if we compare the
results pertaining to local and nonlocal cultivars. There was considerably
less fluctuation in duration of the germination--heading period in average
ripening $29,which has been raised for a long time in Siberia, and
late ripening M553 than in the foreign average ripening IBO and late ripen-
ing P62, Dw and Gt [25]., As a result of these differences in reactions of
cultivars to different vegetation conditions, S29 and M553 presented much
greater stability of spike length than the foreign cultivars.

_ Not only stability, but degree of expression of a character are important
from the standpoint of breeding. While late ripening foreign cultivars
Gt, P62 and Dw formed a longer spike than Siberian M553, in 1974 these
cultivars were appreciably inferior to the local variety with respect to
spike length. However, the means for the two years indicate that P62 and
Dw form a longer spike under local conditions than M553. Hence, the
breeder's task is to select recombinants from segregant hybrid P62xM553

- and DwxM553 populations that would combine the genes of P62 and Dw, which
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induce spike elongation, on the one hand, and genes of M553, which control
reactions that stabilize the rate of plant development at a certain level
under different vegetation conditions, on the other.

The extent and stability of expression of spike axis length in the hybrid
are related not only to the nature of inheritance of this character, but
nature of inheritance of duration of the stages of plant development at
which the spike is established and formed. Table 3 lists the results of
estimation of dominance calculated by two mehtods, which give us an idea
about the nature of inheritance of spike length.

Table 3. Results of estimation of dominance in F;

1873 1074

Culti- gm M353 s» . bS5
var

EE] % M % Rt % i *

Ac 370 72,0 A3 e 7246 Tfi5 ** 959 1N, o+ 86,
10 300 946 ¢ [ 1070 7,85 100.9 461+ B,
¢ a0, 12439% 1 3555 6,00 o¢ 286 74000 | 107
154 Do e 91,3 [ KRl 146,49 Kli2ee 201,

A

62 5
AKTI IS TRLN BTN Bk X R

bw

< ool
“as e,

The estimates made according to Fontdevila [26] permit determination of the
reliability of deviation of mean for the Fi hybrid (in mm) from the parent
mean. As we see, these deviations are reliable in 16 cases out of 20, The
formula used by Gustaffson and Dormling [27], which permits expression of
degree of dominance as a percentage, is more convenient for analysis of

the nature of inheritance of a character. If the estimate is 50%, it

shows there is no dominance and therefore indicates an intermediate nature
of inheritance. A deviation from 50% in either (plus or minus) direction
describes the degree of dominance, ranging from partial to complete; if the
estimate is over 100%, it is indicative of overdominance.

Upon analyzing the data in Table 3, we find, first of all, that the nature
of inheritance of the character depends on the genotype of the parent forms
and vegetation conditions. In hybrids involving tester S29, there was
expression of intermediate inheritance of the character in 3 cases (IBOxS29,
GtxS29, DwxS29) in 1973 and 1 case (DwXS29) in 1974. In AcxS29 hybrids,
there was expression of incomplete dominance in both years, in the direction
of the parent with the longer head; in P62X829 hybrid, there was incomplete
dominance in the direction of the parent with the shorter spike (15.4%) in
1973 and overdominance (136.9%) in 1974. There was expression of over-
dominance (109.9 and 238.6%) in IBOXS29.and GtXS29 hybrids in 1974, In

the hybrids involving tester M553, there was generally expression of
varying degrees of dominance in the direction of the parent with the long
spike and overdominance. Partial long-spike dominance was manifested in
AcxM553 (72.6%), P62xM553 (91.3%) in 1973, AcxM553 (86.1%), IBOxXM553 (84.7%)
in 1974, and overdominance was demonstrated in IBOXM553, GTxXM553, DwXxM553

in 1973, and in GtxM553, P62xM553 and DwxM553 in 1974,
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The estimates indicate that the level and direction of dominance of spike
length are unstable, and this is consistent with the data of Gustafsson and
Dormling [27] obtained for a barley hybrid under the controlled conditions
of a phytotron, which indicated that there was wide fluctuation of degree
of dominance of quantitative characters under different conditions with re-
gard to photoperiod and temperature.

In order to predict the effectiveness of selection in segregant generations,
one must define the heterosis effect, since the superiority of a hybrid
over the best parent with respect to intensity of a character induced by
heterozygosity is not fixed by selection., The data in Table 3 show that
overdominance was observed in 6 out of 10 F1 hybrids, although it was not
stably manifested in all of them. However, the question of whether
superiority of the hybrid over the better parent is due to heterozygosity
or some other actilon or interaction of genes remains open. Apparently,
one can assume that it is induced by heterozygosity of loci controlling
spike length only in those cases where heterosis, which was observed in Fi,
is not manifested partially or entirely in F2. For practical breeding
purposes, it is important to determine whether the level of expression
of the character of the genotype selected in the early segregant generations
is retained in the strain in subsequent generations. Evidently, the

. earlier the generations, starting with F2, in which the level of pheno-
typic expression of the character is fixed, the more reliably one can
assess the selected strains and accelerate the breeding process.

Analysis of the data listed in Table 4 enables us to determine the genera-
tion and hybrid combination that one should begin with for selection for
spike length. Evidently, hybrids with maximum expression of the character,
in which superiority of F1 over the best parent is retained in Fz, are

of the greatest value, In such hybrids, selection will be effective,
since the superiority of hybrid plants over parent plants is not related
to heterozygosity. The obtained data indicate that there is manifestation
of a negligible heterosis effect for spike length as a whole. This
indicates that spike length in the material studied is controlled mainly
by genes with additive action, which alsc manifest dominant and over-
dominant effect, depending on vegetation conditions.

- In the hybrids where tester 529 participated, there was a slight, but
reliable heterosis effect in Gt%S29 (5.52%) and P62%xS29 (2.72%) in 1974,

. There was no expression of heterosis in F2 of these hybrids. In hybrids

_ involving tester M553, heterosis was manifested in 1973 in GtXM553 (10.74%Z)

and DwXM553 (5.64%) F1 hybrids, and it was partially retained in F, (2.96

and 2.947%, respectively). In 1974, heterosis was manifested in P62xM553

(6.17%) and DwxM553 (10.79%) hybrids, and it was retained in the latter

in F2 (10.65%).

In view of the fact that overdominance makes an insignificant contribution
to overall phenotypic variability of F2, we can calculate the index of
heritability in the broad sense using the formula in [28].
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Table 4, Expression of heterosis effect in F1 and F2 hybrids ideviation
from parent with longer spike, %)

4 g 1073 1974
3 s 0 M 353 S22 M 533
i E b P P - B b3 Py n Fs
o e % uy % nM % uu % uu % g % M L) u L
Ac 553 | 6310 | 741 -638 % | 700 |-244 | 231 |~087 | 079 |-301%| 357 |-3090ee| 414 |- 5
1B 686 | 0w | 748 | a8 | 037 [Za00e| &3 | 127|030 [Z045 | 048 |-asnes | 3% |0n | age
G 700 | -B450%e | 874 |1040e0 11074 | 261 | 60 | 485|552 | 087 | 098 |-317% | 328 | 017 .47
_ P82 1630 | ~20,41%e% | 1906 |-1.46 169 |-335% [ 345 | 248+ 1272 | 003 | 003 | 595%e¢| 817 | 151 136
Dw 140 | -1245 11,73 | 599 %] 5,64 | 3.3+ | 2,04 |-525 | 4,38 | 0,05 | 0,05 | 1041 +¢+ | 10,70 | 10,85 **+ | 1103

* P<o0S. ** P01 **e P<0,008.

Table 5, Variances (02) and indices of heritability (Hp)

] 1973

5 1974

> a o! o o

3 Sa29 S

_ o

s . u, M55 u, . 2 u, 383 H,

8 13 3 F n 13 P b2 F,
Ac 3 3552 127.48 0.60 V743 117,59 0,34 2,36 127.10 025 123,34 0,02
1BO | 4050 | 1i030 ) owes | v | 20000 | 062 03 | a0 | e | 13080 0,50

Gy 5420 4982 0.37 7320 15184 0,40 103,13 149,47 0,37 139.86 0,25
P62 103,28 11050 0,12 003 225.46 053 0,88 12744 0.2 142,90 011
gé w2 13292 031 241 0| 143,23 031 19,70 141,80 0.4 471,84 027

M333 z z - z z - w3 | - z z z z

Table 5 lists the variances (0%) for parent, Fi and F2 hybrid spike length,
as well as indices of heritability in the broad sense (Hp). Variances,
which reflect general phenotypic variability, fluctuate markedly according
to genotype and environmental conditions. Among the parents, P62 (147.61)
in 1973 and M553 (152.43) in 1974 were characterized by the highest pheno-
typic variability. The high variability of quantitative characters in
homozygotic self-pollinating cultivars is probably attributable to two
causes: genotypic heterogeneity and sensitivity of the genotype to

growing conditions in the course of ontogenesis.

- As shown in a study of pure-strain material, cultivar M553 is indeed
characterized by rather high heterogeneity with regard to some characters
[29, 30].

The high variability of foreign cultivars P62, Ac and Dw is attributable to
their sensitivity to the differences in conditions in different blocks of
the experimental plot. We were impressed by the fact that the variance

is usually considerably higher in F; hybrids derived from M553 than from
tester $29. These differences are related to the fact that cultivar M553
was notable for greater intrapopulation variability than S29,
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Figure 1. Distribution of plants according to "spike length"

character in F1 and F2 hybrids (involving

and their parents

- In this regard, the question arises:
heterogeneity, can it be included in

if a cultivar is characterized by
genetic analysis? Would it not be
better to isolate strains from it, breed them and then include them in
the analysis? . From the purely genetic point of view, such an approach is
mandatory. However, from the standpoint of selection, it is important to
obtain information about the nature of inheritance of varietal characters
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Figure 2, Distribution of plants according to “spike length"
character in F; and F; hybrids (with participation of
tester M553) and their parents

as a whole, i.e,, in the structure that it is used in breeding programs. The
heterogeneity of several characters inherent in Siberian cultivar M553 makes
it superior to pure-bred cultivars. Population homeostasis of this unique
variety is related expressly to heterogeneity. Hence the desire of breeders
to make broader use of M533 in breeding programs is understandable, in order
to impart to new varieties the characters that provide for adaptation to the
rigorous conditions of Siberia.
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As can be seen from the data in Table 5, the hybrids studied differ sub-
- stantially in index of heritability of spike length. The lability of the
genotypes, with respect to reaction to vegetation conditions, as manifested
by variance variability, resulted in marked fluctuation of the heritability
index in some hybrids. For example, this index constituted 0.60 for
Acx829 hybrids and 0.34 for AcXM553 hybrids in 1973, 0.23 and 0.02, res-
pectively, in 1974.

The indices for hybrids involving P62 (0.11%0.53) and Dw (0.16%0.51) were
relatively low and unstable. They fluctuated less in different years in
hybrids involving IBO (0.32+0.69) and Gt (0.25%0.40).

The curves of distribution according to spike length (Figures 1 and 2) pro-
vide additional information about the reactions of cultivars and hybrids to
environmental conditions and nature of Fy segregation. Analysis of the
distribution curves indicates that plant distribution is close to normal,
not only for parents and F1 hybrids, but most F2 hybrids as well. Although
it should be noted that the distribution of some F2 hybrids differed appre-
ciably from normal. This applies to P62xS529 (see Figure 1) and IBOXM553
(see Figure 2), in which there was a double~peaked curve of distribution

of F2 plants in 1974,

In spite of these deviations, on the whole it should be concluded that
- spike length is controlled by a large number of genes with mild effects.

Transgressive segregation in F2 is observed in some hybrids. Transgression
was more distinct in hybrids derived from tester M553. Positive tansgression
was expressed in hybrid AcxS29 in 1973 and in IB0%S29 in 1973 and 1974 (see
Figure 1). Significant positive transgression, which was stable in the 2
years, was observed in hybrids IBOXM553, P62xM553 and DwxXM553 (see Figure 2).

One can predict the effectiveness of selection in segregant generations on
the basis of the results of this 2-year study of parent forms and hybrids,
according to nature of inheritance of the character, degree of expression
of heterosis, index of heritability, phenotypic variability and nature of
segregation in F2. The highest effect of selection for spike length is
expected in IBOXM553 F, hybrids, which are characterized by high indices

- of heritability, absence of heterosis in Fi1, dominance of long spike trait,

- significant phenotypic variability of F2 and, what is particularly important,
positive transgressive segregation, as determined by complex evaluation.
We expect rather effective selection of hybrids P62xXM553 and DwXM553. Thus,
of the 10 hybrids studied, they were characterized by the greatest ex~

- pression of the character and, moreover, considerable phenotypic variabi-

- lity and positive transgressive segregation in F2. The insignificant hetero-

- tic effect manifested in F1 of these hybrids will not have an appreciable
influence on the results of selection,

Genetic analysis revealed that foreign cultivars IBO, P62 and Dw, and local

cultivar M553 can serve as valuable sources of genes in breeding soft wheat
for a longer spike.
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Conclusions

The material studied differed substantially in nature of inheritance, reac-
- tion to vegetation conditions, index of heritability and nature of segrega-
tion in Fa.

- Cultivars Gt, P62 and Dw presented less stability of spike length than the
local cultivars 529 and M553.

On the average, the hybrids were more stable than the parent cultivars. The
nature of inheritance of the character studied changed markedly under the
influence of environmental conditions.

The estimates obtained are indicative of unstable level and direction of
dominance of indices of heritability and heterosis effect. In some hybrids,
there was expression of positive transgressive segregation.

- Genetic analysis revealed that the most effective selection for spike length
is expected in segregant F2 and F3 generations of IBOXM553, P62%M553 and
DwXM553 hybrids.

There are 5 tables and 2 illustrations; bibliography lsts 30 items.
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2 STUDY OF INHERITANCE OF QUANTITATIVE CHARACTERS IN SOFT SPRING WHEAT
TOPCROSSES. REPORT 4: NUMBER OF SPIKELETS PER SPIKE

} Moscow GENETIKA in Russian Vol 13, No 3, 1977 pp 396-407

[Article by R. A. Tsil'ke, Siberian Scientific Research Institute of
Agriculture, Omsk, submitted 6 Oct 75]

[Text] Introduction

The spikelet is an important element of the spike. It determines spike pro-
ductivity, and for this reason the nature of expression and inheritance of
spikelets per spike has been studied by many researchers [1-23]. It was
shown that this is a quantitative trait characterized by polygene inheri-

_ tance. It was established [2, 23] that there is intermediate inheritance

B with partial dominance. The F: hybrids present a negligible heterotic
effect according to number of spikelets [3-5, 7, 10]. The indices of heri-
tability of this character fluctuate markedly, depending on the parents -
used in the crosses: low indices were obtained in some studies [6, 7, 15],
moderate and high ones in others [12, 14]. It was also observed that the

, index of heritability for one hybrid combination may change markedly,
depending on plant vegetation conditions [9, 16, 23].

A study of combinative capacity of cultivars revealed that the variances of
overall combinative ability are significantly higher than the variance of
specific ability, which is indicative of prevalence of genes with additive
action in genetic control of the character [8, 1l]. Low combining capacity
of cultivars according to number of spikelets per spike has been observed
[17]. Diallelic analysis revealed that the variance for this character,
which reflects the additive contribution of genes, constitutes most of the
genotypic variability [20-22]. =

A survey of the literature shows that the number of spikelets is controlled

by a large number of genes with different types of action and interaction. -
When matching base material for use in breeding programs, it is very im-

portant to have information about the nature of expression and inheritance

of number of spikelets per spike, since this character is one of the chief

elements determining spike productivity.
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We report here the results of an experimental study of inheritance of number
of spikelets per spike of soft spring wheat topcrosses.

Material and Methods

Five foreign cultivars obtained from the collection of the All-Union Scienti-
fic Research Institute of Plant Growing imeni N. I. Vavilov were used as
maternal plants: Dwarf SegeA~7 (Dw), IB0-3048-433 (IBO), Pitic 62 (P62),
Acadia (Ac) and Gun To-may (Gt). Saratovskaya 29 (S29) and Mil'turum 553
(M553), which are raised extensively in Siberia, served as the paternal
parents (testers). The material was chosen in accordance with the require-
ments imposed by practice for a modern cultivar., Each cultivar used in the
experiment is characterized by some unique characters or a set of economi-
cally useful ones: unlike most short-stemmed varities, the Dw dwarf forms

a long head with many spikelets and is resistant to brown rust [Puccinia
triticinal]; IBO is exceptionally resistant to lodging and is not stricken
by powdery mildew; P62 is an intensive type of cultivar that is very res-—

- ponsive to high soil fertility; Ac is resistant to drought and has a high
quality kernel; Gt has a productive spike and large kernel; S$29 has an
excellent quality of kernel and high homeostasis; M553 is exceptionally
adapted to loca growing conditions, which is attributable to the embryonic
plasm that has undergone a long natural and artificial evolutionary process
(breeding) in the steppe regions of West Siberia.

The cultivars were studied for 3-5 years in the genetic collection of the
laboratory before being used in hybridization. Additional information about
- the base material was supplied previously [24].

Experimental Section and Discussion

The results of variance analysis, which are listed in Table 1, indicate
- that the differences between plants in number of spikelets per spike are
: attributable to the variants (parents and hybrids), replications and
variant X replication interaction, and they are highly reliable (P<0,00L).
Typically enough, the mean squares (ms) for all components of variability
are significantly higher when the plants are raised under less favorable
vegetation conditions (1974).

- Table 2 lists data on the number of spikelets per spike ir parents, F; and
F2 hybrids. As compared to such quantitative characters as stem length,
duration of germination--heading period and spike length, the number of
spikelets per spike is characterized by the highest stability of phenotypic

- expression under different vegetation conditions.

In 1973, the mean number of spikelets in maternal plants ranged from 13.02
(Ac) to 20.52(Dw) and in 19% from 12.98 (Ac) to 19.30 (P62). We see that
considerable fluctuation of mean value of the character was observed only
R in Dw. The difference between years constituted 3.28 spikelets for this
cultivar. Even a small set of cultivars (only 7) shows that there are
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substantial differences in spikelet-forming capacity. The difference be-
tween extreme variants constituted 7.50 spikelets in 1973 and 6.32 in 1974,
There was also a reliable difference between the local cultivars (testers):
1.39 spikelets in 1973 and 2,02 in 1974.

Table 1. Results of variance analysis

|
' 1974
Source of i
variability af e F at l m I3
‘mram:(&.PrA) 26 | 28358 | 10532° 26 | 55948 | 12510
3 | 1203 | 439° 3 | eTs | to02®
ReR: %tlon? act. B)| 3 ) @il 4 | o | e
2052 27 - 5083 am =

Random dev1a+10ns

* p<not.

Table 2, Number of spikelets per spike in hybrids and parents (§§S§)

Hybrld' 1973 1974
Cultl— Sxe M $53¢ S 29e M 8530
va. ? P
P n P 2 [ P 13 1
Ac 1302042 | 14922041 | 14,50£0.20 . 16.76£0,17 | 12,9820,12 | 15232004 | 14,87=0.10 17 25320, l3 18,18+0,10
180, 17.20£047 § 15.72£0,15 | 16,1420,22 300,16 442021 | 1646£098 | 16,420,014 | 16462013 82 18.5420,14
Gt 17552048 | 16,7620 16 | 17.89£0.22 | 19362045 18072043 | 17.00£0,11 | 16.5420.13 xa 7 ':u i | 178013
P62 19912020 | 15712045 | 15882021 | 18,06+0,12 19205015 | 16212015 | 16.5620,12 | 195120, | 18.1220,11
Dw 20,52£022 | 1460206 | 15,6520,24 | 18,800,417 ) 17242023 | 13, Juzo 15 | 14202005 | 18912024 | 18912015
s29 15,41£0,18 - - - - 15,1520,16 - -
M 553 16,80£0,26 - ~ - - 17,170,418 - =
FA 1724 15,54 15,82 18,18 18,12 16,71 15.57 15,72 18,78 18.31

In the hybrids derived from tester $29, the number of spikelets ranged from
14,60 to 16.76 in F; and from 14.59 to 17.84 in F2, in 1973; in 1974, the
range was 13.50 to 17.00 and 14.20 to 16.56, respectively. In the hybrids
involving tester M553, the number of spikelets in 1973 ranged from 15.65 to
19.36 in F; and from 16.76 to 19,40 in Fz; in 1974, the figures were 17.95
to 19.51 and 17.82 to 18.91, respectively. Most hybrids formed just as
many spikelets per spike in F» as in Fi. In two hybrids involving tester
M553, the number of spikelets dropped reliably in F» as compared to Fi
(IBOxM553 in 1973 and GtxM553 in 1974), while two other hybrids formed more
spikelets per spike in F than in Fy in 1973 (GtxS29, AcxM553). We were
impressed by the hybrid derived from crossing short~stemmed cultivar Dw
with S29, in which the mean value of the character was reliably lower in
both 1973 and 1974 than in the parent with the fewer spikelets (§29). How-
ever, this type of inheritance of the character was not observed when

Dw was crossed with M553. It is assumed that there was expression of non-
allele interaction between genes (epistasis type) controlling formation of
spikelets in the spike in the DwXS29 hybrid. It should be indicated that
genetic system of control of the character functioned similarly in this
hybrid under different vegetation conditionms.
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As indicated by the group means (xg), the parents and hybrids did not differ
appreciably in stability of expression of the character under different
vegetation conditions. However, it should be noted that, on the average
(x¢), the number of spikelets was lower in cultivars and higher in hybrids
in 1974 than in 1973,

Of course, it should be borne in mind that the years differed insignificantly

with respect to conditions of establishment and formation of spikelets.

This is confirmed by the fact that the first stages of organogenesis occur-

red in June, when watering and temperature conditions were relatively favor-

able both years. Nevertheless, it is important to call attention to the

fact that greater variability was observed in length of the spike main

axis, formed under the same conditions, than in number of spikelets. Pro-

bably, environmental conditions influence the length of the spike rachis

at later stages of development as well. As it was noted, it 1s expressly

during the heading stage that the water situation was unfavorable in 1974.

The adverse environmental conditions during the heading stage, in parti-

cular the shortage of water, could not have an appreciable influence on

the number of spikelets formed in the spike. True, there was one exception.

- There was an appreciable decrease in number of spikelets in cultivar Dw in
1974, as compared to 1973, and this was probably related to the drastic
reduction of heading date observed in this cultivar in 1974, It may be as-
sumed that, under these conditions, Dw did not express the potential capa-
bilities of the genotype with respect to formation of structural elements
of the head. Still, unlike such characters as stem and spike length,

- the trait under study varied much less as a function of vegetation condit-

. tions. This is important to breeding practice. It indicates that selec-
tion must be more effective for number of spikelets than other spike elements.

Table 3. Results of evaluation of dominance in Fi
- 1073 . 1901
Hybrid| Swe | M $53d Sxe | M 65305
9 dominance
1251 ll:m 125) 120 1251 LTI 1261
o 105 {0740 096 | 1,47°0e {1037 28700 | 1180
o -gZZsé‘ us."g 136 [ >2000 | ovzee | 969 | 2,00+ | >2000
Gt | o2 63,4 | 21800 | >2000 | 008 526 | 080 *** | 1033
Fez | -5 | 67 1030 598 | ~101 % | 255 | 27000 | 1008
pw | ~336% | 158 | 020 554 | —287 e | 780 | 1,71 %00 | >2000

¢ P00,
“* Pl
s P0001.

In addition to degree of expression of the character in cultivars and hyb-
rids, the nature of inheritance thereof under different vegetation condi-
tions is also important, Table 3 lists the results of evaluation of
dominance, calculated by two methods., The estimates made according to [25]
make it possible to determine the reliability of deviation of mean value
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for the F; hybrid from the parent mean, while calculations according to
[26] permit expression of the degree of dominance as a percentage. As we
see, in 16 out of 20 cases, the mean value for F; differs reliably from

the mean for the original parents, and in 5 cases the deviation has a minus
sign., Intermediate inheritance was manifested in 3 hybrids in 1973
(Gtx529, P62xM553, DwxM553) and 1 in 1973 (GtXS29). Incomplete dominance in
the direction of the parent with the greater number of spikelets per spike
was observed in two hybrids (AcXS29 in 1973 and IBOXS29 in 1974). Complete
dominance in the direction of the parent with the greater number of spike-
lets was manifested in 3 hybrids in 1974 (AcXS29, GtXM553, P62xM553). 1In
the case of using tester M553, overdominance was expressed in 2 hybrids in
1973 (IBOXM553, GtXM553) and 3 in 1974 (AcXM553, IBOXMS553, DwXM553).

There was partial dominance in the direction of the parent with fewer spike-
lets in two hybrid combinations (IB0%XS529 and P62%S529). The estimates with

a negative sign for hybrid DwXS29 are indicative of inhibition, rather than
dominance, since the number of spikelets was reliably lower in the hetero-
zygote than the parent with lower number of spikelets per spike.

The obtained estimates thus indicate that the nature of inheritance of the
character changes significantly as a function of environmental conditions.
It was demonstrated that both maternal and paternal (tester) plants differ
appreciably from one another in genetic system of control of the character
under study. While there was mainly expression of intermediate inheritance,
partial dominance, in hybrids derived from tester S29, and in 3 of these
cases in the direction of the parent with fewer spikelets, in hybrids de-
rived from tester M553 we observed complete dominance and overdominance,
along with intermediate inheritance.

In order to predict the results of selection in early segregant generations,
we must have information about manifestation of the heterosis effect in
heterozygotes, since the less heterosis is expressed, the earlier the
generations (Fz, F3) when one can start selection in the segregating popula-
tion [27].

Analysis of the data in Table 4 shows that heterosis is expressed in a
small part of the hybrids according to number of spikelets per spike. A
reliable heterosis effect was not demonstrable in any of the hybrids in-
volving tester S29. As a rule, the Fi hybrids are reliably inferior to the
best parent according to number of spikelets per spike. With participa-
tion of tester M553, heterosis was expressed in hybrids IBOXM553 (6.5%),
GtxM553 (10.3%) in 1973, AcxM553 (4.5%), IBOXM553 (9.6%) and DwxM553

(9.7%) in 1974,

The results obtained on expression of heterosis are consistent with the
estimates of dominance in F; (see Table 3). A reliable heterosis effect
was manifested in hybrids, for which the estimates revealed overdominance.
It must be noted that our analysis did not enable us to determine which
genetic systems were responsible for expression of heterosis. The
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. attenuation of the character in F2, as compared to Fi, in 1973 can be
attributed to the fact that heterosis is determined by heterozygosity of
loci controlling the number of spikelets per spike. But this interpreta-
tlon cannot apply to the results obtained in 1974, when heterosis per-
sisted in F2 at the same level as in F;, Evidently, the heterosis effect
in hybrids is related not only to heterozygosity, but other types of
gene action and interaction, as well as genotype X environment interaction.

Table 4, Deviation of F; and F2 hybrids from parent with greater number
of spikelets per spike (d)*

1973 . 1"

Hyb- S 15g M s53d S 3¢ M 5535
ride n n n P v 2 » n

- ¢ * ] [ ¢ ] [} ] [ d % ¢ % d [ d [}
Ac  |-049 32 |-082% [ 53 l.115ee] Gg |-001 02 5 [- 0 jo7seee | 45 | 108000 59
IBO  1-151%e%| B8O (~420e] (5 | 1143 | 65 [-042 07 -8:83 8:; 0:30 (2;:0 15eee | 06 | f3700| bu
Gt |-079° | 45 | 02 1,6 | 181901403 } 0B6°* | 55 (-167%e0| 89 |-213eee| 44,4 03 [-uB5eee] 46
P82 |-420%0¢| 20, |~403%%%] 20,2 [-125¢e0| §3 |-1,(3e0% | 57 [-3ouese| gy |-2750ve | 442 01 |-1aseee ] gy
Dw  [-592°%| 288 |-587¢%| 280 |-168ee0| 81 |-1,4200%] 54 |-374%e0] 207 |-Zpivee | 70 7 | 1610 | g7

*See footnote to Table 3.

Table 5. Variances (02) and indices of heritability (Hp)

- Hybo Wi 197
rXH ’ ol 0! L o
gl: s ng a, M s5ag S ug a1, M 583 5,
Ve e H, P
1) P b4 F R P n r

Ac 1,16 1,23 331 0353 147 2,38 0,02 1,98 ,79 2,93 0,07 224 346 023
l&% 231 1,72 3,72 044 211 3,66 0,19 3,81 2,64 5,18 0,40 397 5,87 0,29
2,68 1,93 3,71 040 1,18 542 047 2,06 443 8,10 0,66 444 538 0,30
P62 304 173 3,58 0,36 L2 &10 0,35 2,3 2% 4,31 0,33 4,04 450 | 048
= Dw 3,85 204 4,79 045 2,32 4,22 0,19 8,62 287 837 0,53 6,00 130 022

s2 2,57 - - - - - - 3,38 - - - - - -

- wsss|l s | - - - - - N I T - - z < R

- Since overdominance in most hybrids makes a negligible contribution to

2 phenotypic variability of the character in F;, it is possible to calculate
' the indices of heritability in the general sense by the formula used pre-

- viously [28]. Table 5 lists the variances for parents and hybrids, as well
as indices of heritability. As we see, the variances reflecting general
phenotypic variability of the character fluctuate markedly, depending on
the genotype and vegetation conditions. In parent cultivars, variance
ranged from 1.16 to 5.20 in 1973 and from 1.98 to 6.62 in 1974. In hybrids
involving tester 529, variances ranged from 1.23 to 2.04 in Fy and from
3.31 to 4.79 in F2, in 1973; the figures for 1974 were 1.43 to 2.90 and
2.93 to 8.39, respectively. In hybrids involving tester M553, the variances
ranged from 1.21 to 2.32 in F; and from 2.38 to 5.42 in F2 , in 1973; in

- 1974, the figures were 2.21 to 6.00 and 3.46 to 7.30, respectively.
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The varlance was higher in all Fz hybrids than in Fi, which is indicative
of segregation of genes controlling the number of apikelets per spike.
However, we were impressed by cultivars M553 and Dw: the variances were
higher in the former in 1973 and in the latter in 1973 than in F2 hybrids.
The high values of variances cannot be attributed to heterogemeity of the
cultivars for this character, since studies thereof prior to use in the ex-
periment revealed that both cultivars are rather homogeneous genotypically
with respect to number of spikelets per spike. At the same time, we found
that M553 was heterogeneous in rate of plant development between germina-
tion and heading, while foreign cultivar Dw was extremely sensitive to
local conditions. Under adverse vegetation conditions (shortage of water)
in 1974, there was a sharp reduction in germination--heading period in
cultivar Dw.

On the basis of these data, it is assumed that the high phenotypic variabi-
lity of spikelets per spike in M553 is related to heterogeneity of the
plants with respect to heading date and in Dw, to plant semsitivity at
this stage to environmental conditionms. This hypothesis is confirmed by
the fact that there is a close correlation in ontogenesis between the rate
of development and formation of primordium of different spike elements.
However, in view of the fact that the variance is considerably lower in
most hybrids in F1 than in Fa, there is a possibility of determining the
index of heritability. It is also important that the variance is lower

in all parent components, with the exception of M553 and Dw, than in F2
hybrids.

The indices of heritability (see Table 5) in hybrids involving tester 529
ranged from 0.36 to 0.53 in 1973 and from 0.07 to 0.66 in 1974, whereas

in hybrids involving tester M553 they ranged from 0.02 to 0.47 and 0.18 to
0.30, respectively. These results indicate that the variability of the
character, with regard to relative phenotypic expression in parents and
hybrids, under different vegetation conditions led to significant fluctua-
tion of indices of heritability.

Probably, the heritability indices alone are not enough to predict selec~
tion in segregating generations. The curves of plant distribution accord-
ing to number of spikelets per spike in parents, F1 and F2 hybrids provide
the most reliable information (Figures 1 and 2). On the whole, it should
be noted that the distribution of the plants was close to normal, both for
parents and hybrids, although some deviation from normal was observed for
some cultivars and hybrids. A double-peaked curve of plant distribution
was demonstrated for cultivars Gt and Dw (1973), IBO (1974), M553 (1973),
in F1 AcxS29 (1974) and DwxM553 (1974) hybrids. However, these deviations
are not related to genotypic differences between plants, but to genotype
sensitivity to environmental conditions and their reaction to different
environmental factors at different ontogenetic stages.

There was expression of positive transgressive segregation in some F2 hyb-
rids, although it was unstable in different years. In essence,
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transgression was expressed in hybrids involving tester M553. 1In 1974,
transgression was observed in all hybrids involving this tester and in 1973,
in only one hybrid, GtxM553. In the hybrids involving tester 529, positive
transgression was expressed in 2 cases in 1973 (AcxS29, IBOXS29) and 2
others in 1974 (IBOxS29, P62xS29),

The nature of segregation in F2 indicates that the character under study

is controlled by a large number of genes with additive action, which express
varying degrees of dominance and overdominance, depending on environmental
conditions. Analysis of the results referable to testers shows that Siberian
cultivar M553 is the more valuable source of genes than cultivar $29 for
breeding to augment the number of spikelets per spike, since hybrids in-
volving M553 form more spikelets per spike. Of the foreign cultivars, which
are less adapted to Siberian conditions, short-stemmed cultivars D2 and P62,
and long-stemmed Gt are of the greatest value. On the basis of the data on
transgression, it is expected that by means of selection in early segregat-
ing generations of hybrid combinations P62XM553, DwXM553 and GtXM553 we

can isolate lines with more spikelets per spike than the best original culti-
vars., The only question is whether there will be stable expression of this
trait under different vegetation conditions.

The author wishes to express his sincere appreciation to S. A. Sadykova, K.
Ye. Shnayder, L. K. Getman and Ye. Ya. Reger for their technical assistance
with the experiment.

Conclusions

Genetic analysis revelaed that the cultivars studied differ substantially
in nature of manifestation and genetic control of the character, and
reaction to vegetation conditions.

In F; of hybrids derived from tester 529, there was expression of intermedi-
ate inheritance, partial and incomplete dominance, and in three cases this
was in the direction of the parent with the smaller number of spikelets per
spike.

In Fy of hybrids derived from tester M553, there was expression of inter-
mediate inheritance, complete dominance and overdominance.

The estimates obtained are indicative of unstable level and direction of
dominance, and expression of the heterosis effect when the material is
grown under different conditions.

On the basis of genetic analysis, it is assumed that cultivars Gt, P62, Dw
and M553 may serve as sources of genes to augment the number of spikelets
per spike in breeding practice.

There are 5 tables and 2 illustrations; bibliography lists 28 items.
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STUDY OF INHERITANCE OF QUANTITATIVE CHARACTERS IN SOFT SPRING WHEAT
TOPCROSSES, REPORT 5: NUMBER OF KERNELS PER SPIKE

Moscow GENETIKA in Russian Vol 13, No 11, 1977 pp 1889-1899

[Article by R. A. Tsil'ke, Siberian Scientific Research Imstitute of
Agriculture, Omsk, submitted 7 Sep 76] '

- [Text] Introduction

Wheat yield is made up of two elements, number of productive spikes per
unit area and weight of kernels. Each of these elements is controlled by
a complex genetic system that interacts closely with environmental condi-
tions. Kernel weight is related to kernal size and number of kernels per
head. The worldwide pool of genes of soft wheat is characterized by sig-
nificant diversity of head productivity. Varietal differences in this
integral character are attributable to the direction of selection and
environmental conditions, under which a variety is being developed., No
matter what set of factors characterize the conditions of any geographic
region, the breeder always tries to develop a variety with maximum expres-
sion of this character. It is assumed that the genetic potential of wheat
has not yet been expressed in modern cultivars, with respect to number of
grains per spike. And it should be noted that the genetic system of con-
trol of morphogenesis of this character is very sensitive to various envi-
ronmental factors; for this reason the intensity of expression thereof
fluctuates markedly, depending on vegetation conditions. The phenotypic
lability of the character creates difficulties when selecting and evaluat-
ing breeding material, especially at the early stages of selection.

Studies have shown that this trait is usually characterized by polygenic
inheritance. Analysis of diallelic Fj hybrids established that most of
the genotypic variability is attributable to genmes with additive action,
while in some cultivars the number of kernels per spike is controlled by
genes with a dominant effect [1]. In another study [2], it is indicated
that this character is controlled mainly by genes with additive action.
_ Some researchers [3-6] obtained high heritability indices. However, there
is information to the effect that this trait is characterized by low
heritability [7]. In some studies it was shown that the heterosis effect
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is expressed in F1 [8, 10], and in others [11, i2] that none is manifested.
Transgressive segregation in F2 was observed in many winter wheat hybrids
{13]. Studies of an F1 hybrid raised under different vegetation conditions
revealed that overdominance was expressed under some conditions and total
dominarice of the parent with the greater number of kernels per spike in
others; in the former case, the coefficient of heritability constituted
0.18 and in the latter 0.49 [14].

The contradictory conclusions of researchers are related to variability of
the nature of inheritance of this character under the influence of the
environment and genotypic diversity of the material used in the crosses.

Few studies have been pursued in Siberia of inheritance of quantitative
characters that are important for breeding programs to develop new and
highly productive wheat cultivars [5, 14]. 1In this article, we report the
results of an experimental study of inheritance of number of kernels per
spike in soft vinter wheat topcrosses.

Material and Methods

We used as maternal plants five cultivars obtained from the collection of
the All-Union Scientific Research Institute of Plant Growing imeni N. I.
Vavilov: Dwarf Sege A~7 (Dw), IBO-3048-433 (IBO), Pitic 62 (P62), Acadia
(Ac) and Gun To-may (Gt). Saratovskaya 29 (S29) and Mil'turun 553 (M553),
which are cultivars widely grown in Siberia, served as paternal parents
(testers). The material was matched in accordance with the specifications
for a modern cultivar. Each cultivar used in the experiment was charac-
terized by some unique, economically valuable character or set of charac-
ters, The Dw dwarf, unlike most short-stemmed cultivars, forms a large
and multispikelet head, and it is resistant to brown rust; IBO is excep-
tionally resistant to lodging, it is not stricken by powdery mildew and
has a multiflorescent spikelet; P62 13 a cultivar of the intesive type
that is very responsive to high soil fertility, with a productive spike;
Ac is drought resistant and has a high grade kernel; Gt is a variety with
produtive head and large kernels; S29 has an excellent kernel quality

and high homeostasis; M553 is well adapted to local conditions, which is
attributable to embryonic plasm that has undergone a prolonged natural
znd artificial evolutionary process (selection) in the steppe regions of
West Siberia. Before being used in the crosses, the above cultivars were
studied for 3-5 years in the genetic collection of the laboratory. Addi-
tional information about the base material and experimental methods is
furnished in our first report [15].

Experimental Section and Discussion

The results of variance analysis listed in Table 1 indicate that differences
are significant, not only between variants (parents and hybrids), but be-
tween replications (blocks). In 1974, the mean square (ms) was more than
2 times greater for the variants, almost 5 times greater for the replications
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and almost 2 times greater for random deviations than in 1973. Only the
nean square of variant X block interaction in 1974 was smaller than in 1973,
Thus, under the less favorable vegetation conditions (1974) there was in-

- tensification of differences between both variants and blocks. Variance
analysis clearly shows that this character is very sensitive to environ-
mental conditions. Heterogeneity of the experimental plot, with regard

to water supply and nutrition enhanced drastically the phenotypic varia-
bility of the character.

Table 1. Results of variance analysis

1973
Sources of o
variability o | o ¥ o | om | v
- Variant, A 26 | 210804 | 60,34 % 28 | 459

3 , (8, % 2,3 | 77,000
Re l;caélon B 3 | 43030 | 131500 3 | 220354 | 3095
AX J_ntgrac{: on 8 221,02 0,76 ** 78 04,18 158 ¢

R Random deviations | 2: 3240 - 5077 59,64 -

* PC0,01; ** 20001,

Table 2. Number of kernels per spike in pare.ts and hybrids (;isi)

_ Cultiyar, Sz M 353
hybrid P
¥ P, » I 7
1973
Ac 22,254.0,32 27,28+0,32 27,22+0,03 23,89£0,30 25,710,814
Dw 34,12£082 | 33528065 | 42494072 | 3790+050 | 3780094
95._ 36,06+0,95 | 29452030 | 30,640,538 | 37,50£059 | 32,88+092
1 38,64+0,79 20,4620,48 30,750,903 34,90+0,60 32,79+087
»G2 4284100 | 36,42:0,66 | 34,55£072 | 39,05:040 | 37,9200
s29 31,32£04Y - - - -
M 553 7,08+0,73 - - - -
o 33,19 30,63 31,13 34,66 33,37
1974
Ac 20064039 | 20,106050 | 25504035 | 2352£045 | 24,51£033
Dw 20,830,061 31,58 £0,62 20,470,306 34,40£0,73 33842045
Gt 306,04:£0,90 30,4540,47 29,0610,38 34,74+0,13 31,94£0,03
130 39,5540,84 30,46£0,66 28,98+0,48 38,04%14,01 35,30£0,58
re2 36,02+1,03 36,06+0,50 33,76:0,40 37,08+087 37,28£0,52
s2y 29,30£0,51 - - - -
M 553 34,26£0,78 - - - -
Fo U0 3003 . 2929 33,66 32,51

Table 2 lists data on number of kernels per head in parents and hybrids.
The foreign cultivars used as maternal plants differ appreciably in number
of kernels per spike. In these cultivars, the number of kernels ranged
from 22.25 (Ac) to 42.84 (P62) in 1973 and from 20.83 (Dw) to 39.55 (IBO)
in 1974. There was also a reliable difference between cultivars $29 and
M553, used as paternal parents (testers), which are raised extensively
locally: the difference between them constituted 4.24 kernels in 1973 and
4,96 in 1974. Typically enough, a greater number of kernels per spike
was formed in 529 in 1973, whereas in 1974, which was a less favorable

- year with regard to water, this applied to M553. This is indicative of
marked interaction between the genotype and environment. The group means
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(%o) contain valuable information; they indicate that tester M553, which
formed fewer kernels per spike in 1973 than tester S29, produced hybrids
with a greater number of kernels per spike. Consequently, with regard to
this trait, M553 is characterized by greater overall combining ability
than cultivar S29.

- It should also be noted that the nonlocal cultivars differ markedly in re-

action to vegetation conditions., Thus, early ripening cultivar Ac formed

22.25 kernels per spike and late ripening Dw formed 34.12 kernels in 1973,

- whereas these cultivars virtually failed to differ in 1974, forming 20.96 and
20.83 kernels per spike, respectively.

Expression of genotype X environment interaction was not as marked in hyb-

rids as in cultivars. In 1973, in hybrids involving tester $29, the number

of kernels ranged from 26.46 (IBO%S29) to 36.42 (P62%529) in F1 and from

27.22 (AcXS29) to 34.55 (P62XS29) in F2; for hybrids involving tester M553,

the number of kernels ranged from 23.89 (AcXM553) to 39.05 (P62xM553) in F1
- and from 25.71 (AcXM553) to 37.80 (DwxM553) in F2. In 1974, the number of
kernels in hybrids involving tester S29 ranged from 26.10 (AcX529) to 36.06
(P62%xS29) in F; and from 25.50 (AcXS$29) to 33.76 (P62%x529) in F2, whereas
for hybrids involving tester M553, the figures were 23,52 (AcxM553) to
38.54 (IBOXM553) in F1 and 24.51 (AcXM553) to 37.28 (P62XM553) in Fa.

Analysis of group means (Xo) of different generations showed that, on the
whole, F2 was slightly inferior to Fi1 in number of kernels per spike,
although significant differences between hybrids were observed for this
index. This shows that genes with additive action make the main contribu-
tion to the system of genetic control of the character but, at the same
time, some hybrids present dominance. Table 3 lists the estimates of
dominance made by two methods [16, 17].

Table 3. Results of estimating dominance in Fi

! 1973 1974
Hybrid S M 553 ) s» M 853

numb, _ numb. numb numby
kern, * |kern. * |kern{ * j|kern

Ac 0,50 555 1-0,77 339 097 010 [~4,09% 192

Dw 0,80 786 1 7.360*%| 1545 6,52 12,9 6,86 e**| 1010

?E ~a24%00 1 394 | 59308 {160 [-2229e 174 |-0,41 210

1R -852e%e | G6,4 | 2,04° 678 [-3,00 0 113 1,64 ¢ 80,9

PG2 -0t} 44,3 | 4,09% 76,0 3,40 ¢ 1006 104+ 160,2

¢ pe05 * <0,01; *** P<0,001,

In 14 out of 20 cases, the mean value of the character in the Fi hybrid
deviated reliably from the mean between parents, the deviation being nega-
tive in 5 cases, which is indicative either of inl'ibition or dominance of
the parent with fewer kernels per spike. In 1973, 4 hybrids (AcxS29,
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Dwx529, Pp2xS$29, AcxM553) expressed intermediate inheritance, 2 (DwxM553,
GtxM553) overdominance, 1 (IBOxXM553) partial dominance and 1 (P62xM553)
incomplete dominance of the parent with the greater number of kernels per

. spike, and in 2 hybrids (GtXS29, IB0OXS29) there was inhibition, i.e., Fi
was reliably inferior to the parent with less expression of the character.
It is assumed that inhibition is related to the epistatic action of genes,
since more kernels per spike were formed in F» of these hybrids than in Fi.
We should also call attention to the fact that this type of gene action is
modified by environmental conditions. No inhibition was manifested in F;
in 1974.

In 1974, there was expression of intermediate inheritance in 2 hybrids
(AcxS29, GtxM553), overdominance in 2 (DwXS29, P62xM553), complete dominance
in 2 (P62%x529, DwxM553), incomplete dominance of the parent with more
kernels per spike in 1 (IBOxXM553) and incomplete dominance of the parent
with fewer kernels in 3 hybrids (GtXS29, IBOxS29, AcxM553).

Such lability of inheritance is related mainly to the fact that the F;
hybrids and particularly the parent cultivars are strongly dependent on
vegetation conditions (genotype X year interaction). The same nature of
inheritance (intermediate) under different vegetation conditions was
expressed only in hybrid AcxS29. The data in Table 4 are indicative of
the lability of nature of inheritance. There was expression of reliable
heterosis in F; of one hybrid in 1973 (DwxM553) and one in 1974 (DwxS29);
the figures were 11,27 in the former case and 7.8% in the latter. F,

did not differ reliably from the best parent for 2 hybrids in 1973 (DwxS29,
GtxM553) and 5 in 1974 (P62xS29, DwxM553, GtxM553, P62xM553, IBOxM553). In
all other combinations, F; was reliably inferior to the best parent with
respect to kernels per spike. Fz was reliably inferior to F; in 4 hybrids
in 1973 (IBO%S29, GtxM553, AcxM553, IBOxM553) and 3 in 1974 (P62xS29,
GtxM553, IBOXM553).

Table 4. Deviation of F; and F, hybrids from best parent (d)

- S» MBS
Hybrid ¥, | P ) I ¥,
a | s | 4 ] s ¢« | s | a4 T %
1973
B " Ac chores| 120 |-agoer| 134 |-agger| 118|137 54
Dw ~0,60 13 | -1,63 48 [ 3B4se| {12 | 368, 408
Gt | -6otee] 83 |-542e«| 150 | 144 40 [-318ee | 3%
W0~ |-1218+¢| 335 [-780e | 204 |-374¢| 97 |-585¢¢| 451
rez | ~gazee| 150 |-Gzoee| 147 [-370%¢1 88 |[-545%| 120
1974 '
Ac ~32000 | 109 | -380%¢| 130 [-1074°] 313 |-975%¢| 284
Dw 28| 78 | -043 04 0,44 04 |-042 12
Gt | -550%| 155 | -c98er| 104 | ~1,30 38 | -410% | 114
o | -v00es| 230 |-1057ef 267 | -401- 26 [-42500 1 107
ez i o4 | -226¢| 63 1,06 20 | 18 45
- » p<00l; ** P<0,001,
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Table 5. Variances (0%) in parents, F1 and F2 hybrids

- TabBruga$
Sua (o) y B u rubp FiuF,
Cultiv., 1973 sun.
hybrid __g® T 2 M3
- Y v 7| B ¥ l ¥e v D | n
Ac 7,96 | 8,25 [32,02 ] 10,43 |52,03 19,25 [32,87 (34,05 24,55 | 34,20
Dw 54,39 134,15 {42,05 | 27,86 [55,48 45,84 140,9) (44,74 56,89 | 64,6
Gt 72,72 [FE,97 (22,36 | 28,25 [68,46 40,29 126,14 47,88 63,69 131,02
130 50,23 |18,18 167,84 | 34,80 59,04 89,53 54,16 [69,50 72,83 |10),93
roz 94,97 (34,83 |41 .84 12,74 [65,50 | 104,78 [40,57 [51,60 85,20 | 93.88
S0 19,36 | -~ - - 34,49 | - - -

M553 (12,71 -- - - - 76,03 | -- - - -

Table 5 lists the variances (02) for parents, F1 and F2 hybrids, which are
indicative of great lability of the character, and the original cultivars
differ markedly in this index. We were impressed by the fact that not

only the foreign cultivars, but the one bred locally (M553), are charac-
terized by high intrapopulation phenotypic variability., The values of
variances fluctuate very markedly, depending on plant vegetation conditions.
In all cultivars, with the exception of Dw and Gt, variance was higher in
1974 than 1973, 1In 1973, variance fluctuated from 7.96 in Ac.to 94.97 in
P62, whereas in 1974 it ranged from 19,25 to 104.78. In 1973, the hybrids

- derived from tester 529 showed variances ranging from 8.25 (AcXS29) to
34,83 (P62%x529 in F; and from 22.36 (GtXS29) to 69.84 (IB0OXS29) in Fj;

B . in hybrids involving tester M553, the figures were 10.43 (AcxM553) to 34,80
(IBOXM553) in Fi1 and 52.03 (AcXM553) to 68.46 (GtXM553) in F2. In 1974,
the variance of hybrids involving tester S29 ranged from 32,80 (AcXS29) to
54,16 (IBOXS29) in Fiand from 34.05 (AcxS29) to 69.50 (IBOX S29 in F2, and
for hybrids invoiving tester M553 the figures were 24,55 (AcXM553) to 85.20
(P62xM553) in F; and 34.20 (AcxM553) to 131.02 (GtXM553) in Fz. Of course,
with such high values fer the variances of parents, there is no purpose to
calculation of coefficients of heritability, since this index would be
negative for a number of hybrid combinations,

Before we discuss the causes of such high variances, we should analyze the
results of distribution of parent and hybrid plants according to number of
kernels per spike (Tables 6 and 7). On the whole, the distribution is close
to normal for parents, as well as F; and Fp hybrids. Normal distribution was
particularly distinct in 1974, when more plants were analyzed than in 1973.
In 1973, the size of the samples constituted 80 for cultivars, Fiand F; hyb-
rids and in 1974 the samples constituted 120 plants for cultivars and F,
hybrids, and 300 olants for Fz2. As we see, the amplitude of variability of
the character fluctuates over a wide range. In 1973, the number of classes
within which the set of variable values were contained ranged from 7 (Ac)

to 17 (P62) for parents, 5 (AcxS29) to 11 (DwxS29, P62xS29) for hybrids in-
volving tester S29 in F; and 7 (GtXS29) to 19 (IBOxS29) in F2; for hybrids
involving tester M553, the range was from 8 (AcxM553, DwxM553) to 14 (IBOx
M553) in F; and 13 (P62xM553) to 16 (GtxM553) in Fa. In 1974, this index
ranged from 11 (Ac) to lv (P62) in parents, 10 (GtxS29) to 16 (DwxS29) in F;
hybrids:derived from S29, 13 (AcxS29) to 19 (IBOxS29) in F, of these hybrids,
and for those derived from tester M553, 11 (AcxM553) to 18 (P62xM553) in F,
and 14 (AcxM553) to 22 (P62xM553) in Fa.
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Analysis of the sets of variables shows that not only F2, but most cultivars
and 1y hybrids are characterized by high phenotypic variability, While vari-
ability in F» is attributable, on theone hand, to segregation of genes that
control the character and, on the other hand, to environmental conditioms,
it is difficult to explain the high variability of the trait in homozygous
parents and genotypically homogeneous F; hybrids. Only the early ripening
Canadian cultivar Ac and average ripening locally raised S29 are character-
ized by low variability. Under the less clement conditions of 1974, varia-
bility of the trait was high in most cultivars and hybrids. The variances
were particularly high for average ripening foreign cultivars IBO and P62,
as well as late ripening Siberian cultivar M553. It is assumed that the
degree of phenotypic variability is related to three causes.

The first is sensitivity of the genotype to environmental factors. We refer
to homeostasis of the organism in ontogenesis. As we know, the number of
kernels formed in a spike depends on genetic information and conditions

under- which thestages of organogenesis take place. Starting with the
primordial stage of spike elements and ending with the stages of florescence
and kernel formation, the genotype constantly interacts with numerous environ-
mental factors. Consequently, the more sensitive the genotype to the factors
that are of first and foremost importance to formation of spike elements, the
higher phenotypic variability of the character under study should be.

Hence we have the second cause, duration of development of the ontogenetic
stages related to establishment and formation of spike elements. Of course,
the dynamics of meterological factors during the vegetation period are im-—
portant. With the acute shortage of water in July 1974, the genotypes with
a long vegetation period were more susceptible to the adverse effect of
drought and this, in turn, led to increased phenotypic variability of the
trait. The foregoing is illustrated by the fact that early ripening culti-
var Ac and hybrids derived from it, which differ from other cultivars and
hybrids in that they have a shorter vegetation period, are characterized by
relatively low phenotypic variability of kernels per spike.

The third cause, which we cannot rule out, is the degree of genotypic hete-
rogeneity of cultivars, not only with respect to number of kernels per spike,
but all traits related to morphofunctional ontogenetic inception of spike
elements, Of the 7 cultivars studied, only 2 (S29, M553) were tested

for heterogeneity before use in crosses by breaking them down into lines

that were tested under different vegetation conditions. It was shown that
M553 is characterized by some heterogeneity of rate of development and

this, in turn, affected phenotypic manifestation of other quantitative
charazters. No appreciable heterogeneity for quantitative traits was
demonstrated in cultivar S29.

In 1973, all nonlocal cultivars, with the exception of Ac had lower values
for variances than local cultivar M553, and this applied to only 2 in 1974
(IBO, P62). The fact that there was a drastic drop in variance value, as
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compared to the parents, in F; serves as evidence in part that the main
caune of hifgh phenotyple varfabblity of the tralt under study 18 not
Intravarletal heterogenelty.

Thus, on the basis of the obtalned results, it is assumed that phenotypic
variability of the trait in cultivars is related mainly to sensitivity of
the genetic system of control of the character to environmental conditions
in the course of the vegetation period on the experimental plot. Since

the submitted sets of variable values were obtained as a result of combin-
ing data for four blocks, the differences between which were proven by
variance analysis, obviously the variances analyzed reflect variability of
the character when plants are raised, not only on the plot, but variability
that arises when they are raised in different blocks.

From the breeding point of view, of greatest value are the parents that
yield hybrids with positive transgressive segregation in F2. As shown by
the vertical lines covering classes of original parents (see Tables 6 and

- 7), there was segregation of a negligible number of plants with more
kernels than the best parent plants in hybrid DwxM553 in 1973 and P62xXM553
in 1974,

This is apparently related, first of all, to the fact that one of the parents
- is characterized by high phenotypic variability; for this reason, against

this background it is extremely difficult under field conditions to

fix genotypes in segregating populations that have a higher genetic poten-

tial for number of kernels per spike than the parents.

According to the results of analysis of nature of expression and inheritance
of the trait under different vegetation conditions, of the 7 cultivars
tested, foreign cultivar Dw, semidwarfs P62 and IBO, and the Siberian

_ tall cultivar M553 are of greatest breeding value. Relatively effective
selection in segregating generations is expected from hybrid combinations

= DwxM553, P62xM553 and IBOXM553.

The author wishes to express his sincere gratitude to S. A. Sadykova, K. Ye.
Shnayder and Ye. Ya. Reger for their technical assistance with the experi-
ment.

Conclusions

The cultivars studied differ appreciably in nature of expression and inheri-
tance of number of kernels per spike. This trait is controlled mainly by
genes with additive action, some genes manifesting dominant and overdominant
effects that are strongly modified by environmental conditions.

Positive transgressive segregation was manifested only in hybrid DwxM553

in 1973 and P62xM553 in 1974. There was no expression of transgression in
F, for the other hybrids.
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This trait is characterized by high phenotypic variability, which is re-
lated to the sensitivity of the genetic system of control thereof to envi-
ronmental factors during ontogenesis,

It

ty cexpected that selection for number of kernels per spike will be

relatively elfective In segregating generations of P62xM553, IBOXM553 and
DwxM553 hybrids.

There are 7 tables; bibliography lists 17 items.
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STUDY OF INHERITANCE OF QUANTITATIVE CHARACTERS IN SOFT SPRING WHEAT
TOPCROSSES. REPORT 6: WEIGHT PER 1000 KERNELS

Moscow GENETIKA in Russian Vol 13, No 12, 1977 pp 2087-2096

[Article by R. A. Tsil'ke, Siberian Scientific Research Institute of Agri-
culture, Siberian Department of All-Union Academy of Agricultural Science
imeni Lenin, Omsk, submitted 7 Sep 76]

[Text] Introduction

Kernel size is of agronomic importance, so that much attention is devoted
to this character in breeding programs. The main index of size is the

- weight of 1 or 1000 kernels. It is known that spike productivity is
closely related to weight per 1000 kernels. The world wide pool of soft
wheat genes is characterized by considerable diversity of this trait. The
degree of expression of this character depends on the genotype and environ-
mental conditions, under which the kernel is formed and develops.

Studies have shown that the trait is controlled by many genes with different
types of action and interaction. Diallelic analysis established that a sig-
nificant part of genotypic variability is due to the additive action of
genes [1]. However, unlike a number of other quantitative traits that
determine spike productivity, there is particularly distinct expression

of varying degrees of dominance and overdominance in weight per 1000 grains
[2, 3]. It has been demonstrated that there is nonallelic gene interaction
in some cultivars used in diallele crosses [4]. An appreciable heterotic
effect in kernel size was obtained in many hybrid combinations [5-8],

while no heterosis was expressed in some Fi hybrids [9]. In most studies
high indices of heritability of the trait, in the broad sense, were ob-
tained [10-18]. On this basis, it is generally concluded that selection

for kernel size in segregating generations is highly effective. However,

it should be noted that a significant share of genotypic variability of

this character is related to 2xpression of an overdominant effect due

to heterozygosity of loci that congrol processes of caryopsis formation.
Since this effect is not fixed by selection and, for this reason, has no
breeding significance in self-pollinating plants, a stricter approach

should be used to evaluation of the nature of inheritance of the trait in
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order to reliably predict the effectiveness of selection in segregating
generations of hybrids for large kernels.

In this article, we report the results of a study of nature of expression
and inheritance of weight per 100 kernels in soft spring wheat topcrosses.

Material and Methods

As maternal parents we used foreign cultivars: Dwarf SgegA~7 (Dw), IB0O-3048-
433 (IBO), Pitic 62 (P62), Acadia (Ac) and Gun To-may (Gt), seeds of which
were obtained from the collection of the All-Union Scientific Research In-~
stitute of Plant Growing imeni N. I. Vavilov (VIR). Cultivars Saratovskaya
- 29 (S29) and Mil'turum 553 (M553), raised extensively in Siberia, served
as the paternal plants (testers). A detailed description of the cultivars
and information about methods used in the experiment, as well as vegeta-
tion conditions are submitted in our first and second reports [19, 20].

Experimental Section and Discussion

- The results of variance analysis listed in Table 1 indicate that differences

are rcliable, not only between variants (parents and hybrids), but between

replications. It should be noted that the mean square for the variants

was 1.5 times higher in 1973 than 1973, whereas the mean square for replica-

- tions was 3.5 times higher in 1974 than 1973, The mean squares for inter-—
accion (AXB) and random deviations did not change appreciably under differ-

= ent vegetation conditions,

Table 1. Results of variance analysis

~ 1070 10
Source of
variability ur \ e v o m ¥
Variant, A ' 2 | 213090 | 8222¢ 20 | 161755 | 57.04°¢
Regllcg{:lon .B 3 467492 | 47,78 3 | 164085 | 58,27¢
XB.1in 8rac£%on 78 e | o2u0 78 6543 | 232
andom deviations!| amse 26,27 - 5078 26,26 -

* PCu,00L.

Table 2. Weight per 1000 kernels in parents and hybrids (iisi), g

1933 1974

g M 383 S ¥ 333

) F. Py P P 14 F F

400=0,33 | 37,30+089 | 30.35+0,43 | 3592+1.12 | 3850=041 | 39.18+0,40 3827043 | 36,10£0,37
.41 | 38, 61 36,02205¢ | 35 2 09 3

19.9120,40 36,2420,39 5, 32.8920,27
43 76 | 45152058 { B 083 | 322620, 41,1820.32 2 4 34.90+0,81
45, 156 | 43902042 | 3820x062 | 41.54=0,32 | 44724027 020 1 2 | 33162034
43424069 | 43,32x036 | 19,3820,65 35.3‘320.29 40,40£0,30 | 36,40£0,24 | 39,3420,28 | 30,08+022
- - - 34,99£0,29 - - - -
- - - 41,3820,34 - - - -
41,69 4243 37,98 31,09 4034 38,10 39,03 35,64
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The data in Table 2 indicate that the parent cultivars differ significantly
fn welght per 1000 kernels., In 1973, weight per 1000 kernels ranged from
26.63 (Dw) to 41.62 (Ac) among the foreign cultivars used as maternal pa-
rents and in 1974 it ranged from 32.26 (IBO) to 41.54 (Gt). As we see,

a strong interaction was manifested between varietal genotype and vegetation
conditions. While the smallest kernel was formed in Dw in 1973, this
applied to IBO in 1974. 1In 1973, cultivars IBO, Gt and Ac did not differ
reliably in weight per 1000 kernels, whereas in 1973 Gt was considerably
superior to the other nonlocal cultivars with regard to this trait. There
was also a substantial difference between cultivars S29 and M553, which

are raised so extensively in Siberia. In 1973, the weight per 1000 kernels
was 9.98 g higher in S29 than M553 and in 1974 it was 6.39 g higher.

The group means (¥X;) indicate that, on the whole, the hybrids formed larger
kernels than the base varieties, and the weight per 1000 kernels dropped
in F2 hybrids, as compared to F;, which is indicative of the significant
contribution of heterozygosity to genetic control of the character in Fj

- hybrids.

In 1973, for hybrids involving tester S29, the weight per 1000 kernels
ranged from 30.01 (DwxS29) to 51.79 (IB0%S29) in Fi and from 37.39 (DwxS29)
to 45.28 g (GtXS29) in F2; for hybrids derived from tester M553, the

range was trom 38.35 (DwxM553) to 44,15 (IBOXM553) in F; and 36.02
(P62xM553) to 39.39 g (IBOXM553) in F2. In 1974, for hybrids derived from
tester S$29 this index ranged from 36.24 (P62xS29) to 44.72 (GtxS29) in F;
and 3509 (P62XS29) to 42.48 g (GtxXS29) in Fa2; for hybrids derived from
tester M553, the range was from 35.99 (P62xM553) to 41.82 (IBOXM553) in Fi
and 3289 (P62xM553) to 38.16 (GtXM553) in F2. As we see, genotype X
environment interaction was also expressed in the hybrids, though not as
strongly as in the cultivars. We were impressed by the fact that the
group means for the hybrids derived from tester M533 were close to the
means for hybrids involving $29, although the former tester has a signifi-
cantly lower weight per 1000 kernels. This indicates that cultivars 529
and M533 are characterized by about the same general combining ability for
the trait under study, even though they themselves differ appreciably in
expression of this trait.

Table 3 lists estimates of dominance calculated by two methods [21, 22].

In 1973, there was expression of overdominance in 3 hybrids invelving
tester $29 (AcxS29, IB0xS29, GtxS29) and all hybrids involving M553 in Fy,
and incomplete dominance of the parent with larger weight per 1000 kernels
in 2 hybrids (P62x$29, DwxS29). 1In 1974, there was expression of over-
dominance in F; of 3 hybrids (GtxS29, AcxM553, IBOxM553) and virtually
complete dominance of the parent with lower weight per 1000 kernels in 1
hybrid (P62x529). In 3 hybrids (DwxS29, DwxM553, GtxM553), the mean value
in F; did not differ reliably from the mean between parents; however, there
are no grounds to consider intermediate inheritance here, since the

DwxS29 F; hybrid is closer to the parent with less expression of the trait,
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while DwXM553 and GtXM553 hybrids are closer to the one with greater ex-
pression. The obtained estimates thus indicate that there are significant
dominant and overdominant effects of genes that control the weight per
1000 kernels in the material studied, the degree and direction of these
effects being significantly modified by environmental conditions.

Table 3. Results of estimation of dominance (D) in F;

1073 | 1974
Hybrid S M3 ‘ S l Man3

g e v l " | i3 l b* ‘ Fl ‘ b
4 ive | >2000 | 6,5% 17,7 | 1.92¢ B34 | 4,00° | >2000
I‘T§0 lg.‘ ;oo >2000 7.;:’1 b 1378 | 436 978 | 8.20%° | >2000
a2 A a0 | 82 | >2000 |-240° . 165 | 085 >2000
hw Shb e 87,0 [10,03%¢ | >2000 |-081 214 148 ‘.!.1,1 -
Gt 6600 1 >2000 | 7610 1391 3,26 *¢ >a00 1 1,49 727

Note: Differences are reliable with: #*P<Q,01 and **P<0.001, _
D' refers to estimate made according to Fontdevila [21] and
D" to estimate made according to Gustafsson and Dormling [22].

Table 4. Deviation of F; and F; hybrids from best parent

1973 1974
e} S M 553 S» M 553
g ¥y | {1 P | {1 P F: Py P -
3:? r j I r I % r ‘ % \ r ‘ 5. r % r ‘ % v \ s r %
] ooronl 2 Lareeel 100 | oss |4 -
EEE AR AE o R hr Sl
2T - . 0 24 o o = - vs & &
b [ g L R R R s TR RS

* P<0,0s; ** P<001; *** P<0,001,

Table 4 lists data on magnitude of heterosis in F; and F,, which are quite

consistent with the results of evaluation of dominance (see Table 3). Hete-

rosis was expressed in hybrids that demonstrated overdominance in Fi. In

1973, there was expression of heterosis in weight per 1000 kernels in

3 hybrids involving tester $29 and all those involving M553, ranging

from 4.1 (AcxM553) to 24.6% (P62xM553) in F;. In 1974, heterosis was ex- .
pressed in 3 hybrids: GtxS29 (7.6%), AcxM553 (10.6%) and IBOXM553 (19.5%).

Heterosis was either drastically diminished or lacking in F . Typically

enough, heterosis diminished to one-half in F2 of the level in F; in

4 hybrids in 1973 (AcxS$29, GtxS29, P62xM553 and DwxM553). These results

clearly indicate that, in these hybrids, heterosis is related to heterozygo-—

sity of loci controlling the weight per 1000 kernels in F,. .
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in view of Lhe Facl that there is expresslon of substantial heterosls for
the tralt under study, due to heterozygoslty of loci, the coefficients of
heritabllity in the broad sense will include genotypic variability, which
Lt Is lmpossible to fix by selection (overdominance); therefore, this in-
dex cannot serve as a rullable criterion to predict the effectiveness of
selection in early segregating generations.

Table 5. Value of variance (02) for parents and hybrids

1974 1074

Cultivag S= M 553 S M 253

& hybrid » v

F ¥ Fy ¥ L] Fi P F.

Dw 26,2 88 632 146 1008 209 | 194 433 19,6 439
1o 245 11 464 20,0 o 166 | 12,9 40,0 213 | 118
Pa2 17.5 13,2 30.2 126 28,1 180 | 19,2 223 122 254
Av 15,1 14,6 384 10,5 43,0 107 | 1.7 16,9 9,0 15,9
at 25,7 106 248 14,3 308 1.7 89 '8.3 21,1 34
g% v - z - = s | - - - "
MGR3 [ 258 - - - - 109 - - - -

The variances characterizing phenotypic variability of the character in
parents, F1 and F2 hybrids indicate that the relative share of genotypic
variability in F2 of most hybrids is rather high; but since a significant
part thereof is induced by overdominance, the coefficients of heritability
in the broad sense are not calculated (Table 5). Unlike other quantitative
characters.of the spike, the variance for weight per 1000 kernels under-
goes less fluctuation in the 2 years. In 1973, variance ranged from 11.3
(S29) to 26.2 (Dw) and in 1974 from 10.7 (Ac) to 20.9 (Dw) in the culti-
vars. In the hybrids, this index ranged from 8.8 (DwX529) to 26.9
(IBOXM553) in F1 and 24.8 (GtXS29) to 100.8 (DwxM553) in Faz in 1973,

from 8.9 (GtxS29) to 21.3 (IBOX4553) in F1 and 15.9 (AcxM553) to 111.9
(IBOXM553) in Fz in 1974. Thede data indicate that there was a drastic
increase in phenotypic variability of the trait as a result of segregation;
however, a significant part of this variability is induced by segregation
of heterozygotic and homozygotic genotypes differing markedly in pheno-
typic expression of the character.

Variational series (Tables 6 and 7) yield fuller information about the
nature of variability of the character in parents and hybrids. On the
whole, it should be noted that the distribution of plants according to
weight per 1000 kernels is close to normal, not only in parents and F)
hybrids, but in Fp hybrids. The bimodal distribution of plants observed
in 1973 for cultivar IBO and F2 of hybrids DwxM553 and IBO¥M553 is apparently
related to the small size of the sample (n = 80) and sensitivity of the
character to environmental conditions. Although the mean values for the
trait differ reliably in mcst parents used in crosses, there is almost
complete overlapping of the sets of variable values. Thiswas particularly
evident in 1974, when the differences between genotypes leveled ofr, as
compared to 1973, which was related to an acute shortage of water and high
temperatures in July. This speeded up kernel formation in all cultivars
and hybrids.
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Of partticular breeding value are the hybrid combinations that present
posltive transgression in segregating generations for elements that deter-
mine spike productivity. 1In 1973, significant transgressive segregation

in F2 (19%) for weight per 1000 kernels was expressed only in hybrid

Dw<M353. Typleally cnougly, in 1973 this hybrid also presented the highest

virlances In Fz2 (L00.8) and expressed a high heterosis effect in Fi1 (22,9%).

Consequently, the higher mean value of the trait in F1 than the mean for

the best parent is related not only to overdominance, but other types of

action and interaction of genes, the recombination of which leads to seg-

- regation of genotypes characterized by higher weight per 1000 kernels in
their phenotypic expression than the best parent and F1 hybrid plants. How-
ever, in 1974, no appreciable transgressive segregation was observed in
this hybrid, or in the others, This is probably related to the fact that
under the more rigorous vegetation conditions there was incomplete expression

- of genetic information for genotypes in segregating generations.

- We were impressed by hybrid IBOXS29, in F, of which there was expression

of transgressive gegregation, i.e., 8% of the plants formed larger kernels

than the best S29 parent. But if we analyze the distribution of Fi1

plants, we see that more than half of them (52%) formed a heavier kernel

_ than the best parent. This is indicative of pseudotransgression, which

- is often not considered in studies of this phenomenon. When analyzing
transgressive segregation, one must not overlook the nature of expression

- of the character in F;, By comparing the results of segregation in F»
only to the original parents, one can arrive at a fallacious conclusion
and make the wrong prediction of effectiveness of selection in segregating
generations.

In summing up the results obtained on nature cf expression and inheritance

of weight per 1000 kernels, we must call attention to the following points:
- It was demonstrated that genes with additive action make a substantial con-
- tribution to the genetic system of control of the trait, and strong inter-
action is observed between the genotypes and environment. This applies
primarily to the foreign cultivars. Unlike other quantitative characters
of the head (length, number of kernels, number of spikelets), considerable
dominant and overdominant effects are expressed for weight per 1000 kernels,
which are strongly modified by the conditions under which the kernels are
formed.

It was established that there is no expression of positive transgressive

- segregation for kernel size in most hybrids studied. The high phenotypic

: variability of the trait in F, is related mainly to dominant and over-
dominant effects; for this reason, one should not calculate the coefficients
of heritability in the general sense, since they cannot serve as a reliable

- criterion to predict selection in segregating generations. In the hybrid
combinations that express overdominance, selection for kernel size should
begin in F3 and Fy. In view of these distinctions, hybrids GtXS29 and

— DwxM553 are the most valuable oneés for practical breeding to emlarge

the kernel.
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. with the experiment.

- Conclusions

This study revealed that cultivars differ appreciably in nature of manifes-

tation and inheritance of weight per 1000 kernels. This trait is controlled -
by a complex genetic system which interacts strongly with environmental

conditions,

In addition to the additive action of genes, genes with dominant and over-
dominant effects make a significant contribution to genetic variability of
the character. Overdominance was expressed in 8 hybrids in 1973 and 3 out

of 10 in F; in 1974, The rest of the hybrids presented varying degrees of
dominance in the direction of the parent with heavier weight per 1000 kernels,
with the exception of hybrid P62XS29, in which there was virtually complete
dominance of the parent with lower weight per 1000 kernels.

roorey

Heterosis was manifested in 8 hybrids (4.1%24.6%) in 1973 and 3 (7.6+19.5%)
in 1974).

In view of the fact that a significant overdominant effect is observed for
the character in question, one should begin selection in F3 and Fy. It is
expected that selection among GtXS29 and DwxM553 hybrids will be the most
effective,

There are 7 tables; bibliography lists 22 items.
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STUDY OF INHERITANCE OF QUANTITATIVE CHARACTERS IN SOFT SPRING WHEAT
TOPCROSSES. REPORT 7: KERNEL WEIGHT PER SPIKE

Moscow GENETIKA in Russian Vol 14, No 1, 1978 pp 15-24

[Article by R, A. Tsil'ke, Siberian Scientific Research Institute of Agri-
culture, Omsk, submitted 9 Nov 76]

[Text] Introduction

- Wheat yield per unit area planted is directly composed of two elements:
kernel weight per spike and number of productive heads. The intensity of
these two yield elements depends on genetic information contained in the
genotype and numerous factors in the environment in which the plant grows.
Since spike grain weight reflects the overall expression of several charac-
ters, each of which is controlled by a large number of genes that function
under specific endogenous and exogenous conditions, the researcher en-
counters methodological difficulties when studying the nature of inheri-
tance of this complex trait. Spike productivity is directly related to
number of kernels per spike and weight per kernel., In turn, the number of
kernels is related to number of spikelets per spike and kernels per spikelet.
There is no need to break down even more these elements of the spike. Let
us merely indicate that each of them constitutes a complex morphofunctional
system, which interacts closely with environmerntal conditions at all stages
of ontogenesis,

As was to be expected, weight of kernels per spike is controlled by many
genes with different types of action and interaction [1-13].

It has been reported [1l] that kernel weight per spike is controlled mainly
by genes with additive action, those with dominant and overdominant effects
playing a lesser role. Other works [2-4] indicate that dominance and over-
dominance have an appreciable influence on intensity of the trait in hyb-
rids. Transgressive segregation in F; of some hybrid combinations has been
observed for spike productivity [5-7].

Some studies [3, 5, 8, 9] reported high heritability of the character, while
others [10, 11] found it low. As a rule, negligible heterosis is expressed
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with regard to grain weight [1, 6, 12, 13}. In most studies, it was found
that the nature of expression and inheritance of head productivity are
strongly related to genotypic differences between hybridized parents and
environmental conditions.

Few studies of the nature of inheritance of spike productivity have been
conducted in Siberia [8, 11], although such information is extremely
necessary to develop effective breeding programs.

We report here the results of an experimental study of the nature of inheri-
tance of weight of kernels per spike in soft spring wheat topcrosses.

Material and Methods

We used as maternal plants five foreing cultivars obtained from the collec-
tlon of the All-Union Scientific Research Institute of Plant Growing imeni
N. I. Vavilov: Dwarf Sess A-7 (Dw), IBO-3048-433 (IBO), Pitic 62 (P62),
Acadia (Ac) and Gun To-may (Gt). Cultivars Saratovskaya 29 (S29) and
Mil'turum 553 (M553), which are raised extenmsively in Siberia, served as
the paternal parents (testers). Each cultivar used in the experiment is
characterized by some unique traits or a set of economically valuable ones:
unlike most known short-stemmed cultivars, Dw forms a long head with many
spikelets; IBO is exceptionally resistant to lodging, is not stricken by
powdery mildew and mildly susceptible to brown rust; P62 is an intensive
type of cultivar that is very responsive to a high fertility of soil; Ac

is drought resistant and forms grain with high baking qualities; Gt forms

a highly productive head; S29 is notable for excellent kernel quality

and high homeostasis; M553 is adapted to local conditions. In 1973, we
analyzed 80 specimens of each cultivar, Fi and F2 hybrids; in 1974, we
analyzed 80 specimens of cultivars and F1 hybrids, and 320 of F2. Addi-
tional information about the base material and experimental methods is
given in our first and second reports [14, 15].

lixperimental Section and Discussion

The results of variance analysis listed in Table 1 indicate that the
differences in kernel weight per spike are significant (P<0.001) not

only between variants (parents and hybrids), but between replications. In
1974, the mean squares (ms) were greater for variants, AXB interaction

and random deviations than in 1973. The mean square was 1.5 times

greater for variants in 1974 than 1973, i.e., there was more marked
difference between genotypes in the former case.

Table 2 lists experimental data on weight of kernels per spike in parents
and hybrids. On the whole, the cultivars and hybrids formed a more pro-
ductive head in 1973 than in 1974. 1In 1973, the weight of kernels per
spike for nonlocal cultivars used as maternal parents ranged from 0.90
(Dw) to 1.60 (IBO) and in 1974 from 0.74 (Ac) to 1.50 g (Gt). These data
indicate that there was expression of strong genotype X environment
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interaction, Typically enough, under the more clement vegetation cenditioms
(1973), the locally grown cultivar S29 was significantly superior to the
other local one, M553, in weight of kernels per spike (the difference con-
stituted 0.44 g). 1In 1974, when there was an acute shortage of water in -
July, the differences between these cultivars were unreliable. The differ-
ences between P62 and Gt were also unreliable in the 2 years. In 1973, in
hybrids derived from tester S29 the weight of kernmels per spike ranged
from 1.22 g (Ac%S29) to 1.50 (P62%S29) in F; and 1.18 (AcxS29) to 1,40
- (Gtx829; IBOXS29) in Fa, while in hybrids involving tester M553 the weight
ranged from 1.03 g (AcXM553) to 1.64 (GtxM553) in F1 and 1.00 (AcxXM553) to
1.37 (P62xM553) in Fa. In 1974, kernel weight per spike ranged from 1.06
(AcxS29) to 1.36 (Gt%xS829) in Fi and 0.97 (AcxS29) to 1,24 (GtxS29) in Fp of
hybrids involving tester S29; the figures for hybrids involving tester M553 R
were 0,92 (AcxM553) to 1.62 (IBOXM553) in Fi and 0,88 (AcxM553) to 1.26 g
(IBOXM553) in Fa, As we see, early ripening cultivar Ac and hybrids derived
from it, as well as late ripening dwarf Dw, formed the least productive
- head. As shown by the group means (Xg), hybrids derived from Siberian _
cultivar M553 generally formed a more productive spike than those derived
from the widely raised cultivar $29. We were impressed by the fact that,
even in 1973 when M553 was substantially inferior to S29, hybrids involving
the former developed a more productive head than those derived from the
latter.

Table 1. Results of variance analysis of variability of kernel weight per
spike in hybrids and initial cultivars

Source Of 1973 1971 -
variability af m s d) me 5
Varjia % | 363 36300 | 20]560 | 48070
Regt;catlon (B) 3 | 160 | 16,00* 3] 130 | 1083
Qa interaction 78 | 027 | 270° | 78029 zn°
ndom ev1a ions 2052 foi0| - 5077 | 0,12

* P<0,001,

Table 2. Kernel weight per spike in parents and hybrids, g (§is§ )

~
o 1973 1974
- T oy
GE0 paternal form paternal form
5 8 4&‘) . S0 1553 S M 553
5 .
o
§ I} . F ? I r 13 ¥ rn
Rw 090£003 | 1,34£003 1492003 | 1342005 | 0832003 1 07:000 1.32:003 | 1.22£0.02
Pr;:‘: . 0812002 1,22x0,02 1,03=0.02 1002004 | 0,74=0,02 07=0,02 | 0922002 | 088001
) Pez 134=003 | 130+0.03 136£003 | 1372004 | 130=004 x 182002 | 1312003 | 1272002
t 1442004 | 1462002 1642003 | 1262004 | 150=0,03 | 1 m | 1242002 | 1372004 | 1.242002
;?553 3'&??33& 1,37£0,02 1,54£0,03 1,30£0,03 lg[l):ggg 1.28+0,03 1,1120,02 1.6220,03 1,2640,03
860, - - - 1,200, - - - -
S 1,30£0,02 - - - 1,23£0,02 - —_ - -
(o) 1,49 1,38 145 1,25 1,8 125 144 131 1.8
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In 1973, the difference between extreme parental variants constituted 0.70,
- it was 0.28 in F) of hybrids involving tester $29 and 0.22 g in F2; for
hybrids derived from tester M553, the difference constituted 0.61 g in F1
= and 0.37 in F,. 1In 1974, the figures were 0.76 for the parents, 0.30, 0.27,
B 0,70 and 0.38 g for the hybrids., These data Indlcate that cultivar M553
is characterized not only by higher general, but also higher gpecific
combining ability for spike productivity than $29.

The nature of inheritance depends not only on the type of action and inter-
action of genes controlling the trait, but the reaction of the genotype as
a whole to vegetation conditions. As we have already mentioned, there

was expression of significant interaction between the genotype and environ-
ment (year) in Fi1 and F2 hybrids and particularly the cultivars, and this,
of course, led to a change in nature of inheritance of the character as a
function of vegetation conditions. Table 3 lists estimates of dominance
made by two methods [16, 17]. F; differed reliably from the mean value
of the trait between parents in 3 hybrids involving tester 529 and all
hybrids involving tester M553 in 1973, 1 and 2 hybrids, respectively, in 1974.
This indicates that, along with additive gene action, a substantial role

is played by dominance and overdominance in the genetic system of control
of the trait; however, they are significantly modified by environmental
conditions. This was to be expected, considering the fact that spike pro-
ductivity is closely related to number of kernels and their size, i.e.,
traits for which dominant and overdominant effects are expressed.

Table 3. Results of estimation of dominance in Fi (D)

- 1073 | 1974

- paternal form

- Maternal ) M55 20 M55

form v - v | o o o D D

Ac clae 795 (045 >200,0 10,08 653 |-005 394
o |[-008 233 1031 ¢*¢ 81,9 0.0t 62,5 0,36 ***| >2000
re2 0,180 | >200,0 {041 0% 1458 |0.05 1143 0,00 140,0
Dw | 0ieee | 100 [0Leee | >2000 022000 | 1050 | 030|324
Gt 0,00 144,3 10,990 1315 10,00 48,1 0,02 56,7

Note: D' was estimated (in g) according to Fontdevila [16] and D" (%)
according to Gustafsson and Dormling [17]; level of signifi-
cance: *P<0,05; #*P<0,01; *#**P<0,001l.

Table 4. Deviation of Fy and F, hybrids from best parent (d)

R T e P

';; 1973 | - - e

S E paternal form

3 18 S 2 | M 553 529 553

= 3 | Fi | P 3 ¥, F 3 Fi

2 T | « ‘ r | 3 % v \ L3 i ln r 1% r | 13 L3

Ac 0.8 62 |-042°* | 92 | o2+ | 132 | 008 09 [-047%*+] 138 [-026%*+{ 214 [-0:8%¢| 333 [-032%%e

o | E G e o AT R s S T
. 9 |-0; 8 | 0222%4] 164 | 0 22 [ 0 8 1-0.12% | 92 | 00 3.4 |-0.08 )

ov | 0% 3 |-0m 69 | 0590|056 | 044 *v2| 430 | 02 46 |-01a+ | 13D | or2e | 100 | 002 [t
02 4 l-of 28 | 020%1 139 l-048+eel 125 I-0.t4°> | 93 1-026°0¢} 173 I-043* | 87 [-026+e21 173

© Pogs; v P<O0L; %% PLOOOL
102

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050036-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050036-5

FOR OFFICIAL USE ONLY

In 1973, there was expression of overdominance in Fi of 5 hybrids (P62x%529,
AcXM553, P62XM553, Dw>XM553, GtXM553), complete dominance in 1 hybrid
(DwxS29) and incomplete dominance in the direction of the parent with
higher kernel weight per spike in 2 hybrids (AcxS29, IBOXM553) . F; did
not deviate reliably from the mean between parents in 2 hybrids (IBOXS29,
GtxS29); however, this is not indicative of intermediate inheritance,

since Fiwas closer to the parent with lower value for the trait in 1 case
(IBOXS29) and closer to the parent with the higher value in the other
(GtxS29). In 1973, there was expression of overdominance in 2 hybrids
(IBOXM553, DwXM553), intermediate inheritance in 4 (AcxS29, IBO%XS29, GtxS29,
GtxM553) and complete dominance of the parent with the more productive
spike in 3 (DwxS29, P62xS29, P62xM553). In F1 of one hybrid (AcxM553),
kernel weight was lower than in the parent with lower expression of the
trait; however, the difference is unreliable, so that we can refer to
dominance of the parent with less expression of the character. It can also
be assumed that genes with epistatic effects are involved in the genetic
system of control of the trait in this hybrid combination.

Table 4 lists additional information about the nature of inheritance of
kernel weight per spike. In 1973, reliable heterosis, which ranged from
13.2 to 65.6%, was expressed in 4 hybrids (Acx}553, P62xM553, DwxM553,
GtxM553). In 1974, heterosis was expressed in 2 hybrids, IBOXM553 (23.7%)
and DwXM553 (10.0%). We were impressed by the fact that heterosis was
demonstrated only in hybrids involving Siberian cultivar M553. Analysis

of the data in Table 4 shows also that most F, hybrids are reliably inferior
to F; in weight of kernels per spike. This confirms the estimates of domi-
nance (see Table 3), which indicate that most bybrids involving tester M553
express overdominance in Fi, which is determined by heterozygosity of locil
controlling spike productivity.

In order to obtain fuller information about the nature of expression of the
character in the cultivars, F, and F, hybrids, Tables 5 and 6 list the
variational series characterizing phenotypic variability of plants according
to weight of kernels per spike. If we consider that the trait in question
is made up of a complex set of spike elements and, first of all, such as
number of kernels and caryopsis, each of which is controlled by a polygenic
system, we should expect normal distribution of plants, both parent and

F; and F; hybrids., In actuality, the distribution of plants according to
kernel weight was close to normal for all cultivars and hybrids. It should
be noted, however, that a negligible deviation of the series from normal
distribution, which was observed for some parents and hybrids in 1973, is
related to the fact that the sample was not large enough and there were
appreciable differences between blocks (replications).

On the whole, we must call attention to the fact that there was expression
of high phenotypic variability of kernel weight per spike, and this is
related, on the one hand, to the large aumber of genes controlling the
trait, most of which characterized by mild effects, and, on the other hand,
sensitivity of the morphofunctional systems of organogenesis to
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environmental factors at all stages of individual plant development. Hence,
the more sensitive the genotype to limiting environmental factors and the
longer the period of exposure to these factors during the critical stages

of development of the plant elements that determine spike productivity,

the greater the phenotypic variability of the trait., Under the less
favorable vegetation conditions (1974), when water was the limiting factor,
and flowering and kernel formatic: occurred expressly during the period
thereof (July), there was extremely great increase in phenotypic variability
of the character in cultivars and hybrids.

The data in Tables 5 and 6 indicate that the foreign cultivars 1BO, P62, Gt

and local cultivar M553 are characterized by an extremely labile system of

control of the character, and among hybrids derived from these cultivars

there was expression of high pbenotypic variability, not only in Fp but in

F,. It is important to consider that each variational series included

data pertaining to four replications [blocks], so that variability reflects
- the differences observed between replications, and they were significant.

- The high variability of the trait in parents does not enable us to calculate
the coefficients of heritability in the broad sense, since these indices
are close to zero or else are negative for a number of hybrids. It is
not expedient to determine the coefficients of heritability in the broad
sense for hybrids, in which heterosis is expressed in Fj.

In 1973, there was expression of positive transgressive segregation in hyb-
rids DwxS29, DwxM553, P62xM553, AcxS29 and AcxM553. In view of the marked
phenotypic variability of the character in the original parents in 1974,
we failed to demonstrate transgressive segregation, It must also be noted
that transgression in hybrid DwxXM553 in 1973 was partially related to over-
dominance. In view of the exceptionally high phenotypic variability of the
character as a whole, it is desirable to conduct selection in segregating
generations for the traits that have a positive correlation to spike
productivity, but that are less sensitive to environmental conditions.
We refer, first of all, to such characters as spike length, number of spike-
lets and kernels per spike, and kernel size. As a rule, the heterosis
effect is not manifested for spike length, number of spikelets and kernels
per spike, therefore selection can be started in Fy, whereas heterosis is
not uncommon for weight per 1000 kernels and productivity of the spike as

- a whole; consequently, selection for these characters should be deferred
to later generations (F3~Fs).

Selection for elements of spike productivity will be more effective when

the hybrid population is grown on a plot that is homogeneous in topography
- and ground cover, with equal area of nutrition for all plants and with

a large enough segregating population (5000-10,000 plants).

The author wishes to express his sincere appreciation to S. A. Sadykova, L.

K. Getman, K. Ye. Shnayder and Ye. Ya. Reger for their technicol assistance
with the experiment.

104
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050036-5



CIA-RDP82-00850R000200050036-5

2007/02/08:

APPROVED FOR RELEASE

FOR OFFICIAL USE ONLY

-
-

-
1P O - -

<l

voaoNwN

niv in

~ N

N OWNIN QIR w0 w M

moeo

©
-0 x
-

MO DM TN NNn

-
-

-
-

-

T MO a O TN OOINOW ~w -
b4

OO -

(13
Gij 0T
Yi| 8t
01| ¥

-

=
) AF A 0O T N

TN O
-

- o
- &

NN OO D

n
W ow o
a2

e

1
2

stls | %1 |y
c (1o

QD= DDEW
2
B

- -

- o
2
—-fno

- en O
=

*ssuo Teuaajed
03 seur pollop pue sjuaied (BUIDIPW JO SISSEBTO 03 I9I9X SOUTIT TBOTIASA 9YJL 930N

Y ke

or
si

n
81

—-nan W

]

EEC K bl

05'z—-1v'e
07'z—1e'T
08°c—12°C
0z°2—11'C
01'c—10'C
00'c—16'T
06118V
08 1—1L'}
oL 1—19°%
09 1—1¢2'%
0118y
07 1—1e's
e 11Ty
[l St ]
01°1—10'%
00'1—16'0
06°0—18°0
0g'o—~IL'0
0L'0—19°0
00'0—15'0
oclo—iv'o
0°0—~18'0
0£'0—13°0
oz'0—11'0

4 _.L a4 _-_ 4 it a ‘A s " '3 '3

'3 *.m

" |

o _c

b

¢ xxuwmmxu.inn wxov | &S xov jesRxisd | S TFwa

63§ I8 XOH1

s:Sxoan1

TS KWX»a

&S Nna oW ?.WVO

jnd

os1

“a

*sasseTd

4 ¢oxrds aad 3ySTem 3ToUIdY o3 Surpioodk sjuetd priqhy g pue 14

(€L6T)

‘judied Jo UOTINQTIISTA °G 2TqeL

105

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050036-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050036-5

FOR OFFTCTAL USE ONLY

o
o

"
[J]
4 2 .
"& z|™ NN mOMITOONRNONOVD T I = ww
X
- 12} 8 ) - R ER R €1
=
g E M N L L i Rkl -
- L B
- 8= L Err T
N
60 .
ol 2 [ - e ongE g™ -
I =
2 E - R R R
= e gpipad
—~
a -
g b‘) e HHENOE YO RO M -
H s -
o . S-eogmTan e~ -
A
N o 2 B RN Tr OO QN ROV IO -
e X
m E - ol Al IN N O DN I O O e - N -
I g=a
=]
s 8| -
- o 9 °‘ e AP RO AT OG- =
}.1 & |—
0 > o NN OV DT DO NN -
3]
J E]
al .
m 3 Il ﬂﬂﬂﬂv‘m\f\’h: 00 00 O D M Ol A O3 v - w v
,.g 2 = ) MOMUNO T OOOIDONDO QNN
Nal
- a
: A §l= = = .
>’ X Nu«ﬁlﬂ‘@w@ﬁ:’fz:mhv O -
- £
= al . AT NN INEND D = DD D~ - -
ER I asudsec
o~ =
3]
s = | ™ A NNNNT O D =20 MMEN - - -
. X fep s
- ae]
- =1 S - MO DVON QWO N
- ©
- - -
fr ;;h. = CENNOQER Mo D WOl
" H = Nw CNBA= IO N
- o .
8 IS R EMEO L ONO® 0D NN &
- 4 —e2 S
e =
v - -0l ~ 0000 MNM N
g hiv - ve-egndga
-'8', R R EEC LR R
- U4
e} S R T RO
g E o MO OO DO NN N -
S g o " HEEAOTON SN0~ OO
] =
= 2
a % a o NN~ NMInNg~a®m
o~
- {3 | . |98%3E2%582aReRaRgsEeRAaRE
o~ ?70TT??o««.~~.‘.~.—~.««wcgeiwuud
0 o a 1 [ A S A O I
Q e T L L L Ly g )
) 0 b R S A S R A A S R AR A AL
a N~ NG ©0885d oo ~r At dndadddancia
d
~
8]

Table 6.

= 106
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050036-5

*See Note to Table 5.



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050036-5

FOR OFFICIAL USE ONLY

Conclusions

It was demonstrated that the cultivars differ appreciable in degree of ex-
pression and nature of inheritance of kernel weight per spike. Along with
the additive action of genes in the control of this character, dominance
and overdominance, which are strongly modified by environmental conditions,
play a significant role. Strong genotype X year interaction is marilfested
by hybrids and, particularly, cultivars.

Positive transgressive segregation was found only under clement vegetation
conditions (1973) in the following hybrids: DwXS20, DwxM553, P62XM553,
AcxS29 and AcXM553.

The trait is characterized by exceptionally high phenotyp:: variability,
which is related to sensitivity of the genetic system of its control to
environmental conditions.

There are 6 tables; bibliography lists 17 items.
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VARTABILITY OF GENETIC PARAMETERS IN DIALLELE ANALYSIS OF QUANTITATIVE
CHARACTERS OF SOFT SPRING WHEAT. REPORT 1: NUMBER OF SPIKELETS PER SPIKE

Moscow GENETIKA in Russian Vol 14, No 8, 1978 pp 1409-1422

[Article by R. A. Tsil'ke, O. T. Kachur and S. A. Sadykova, Siberian
Scientific Research Institute of Agriculture, Omsk, submitted 10 May 77,
corrected copy received 15 Aug 77]

[Text] Introduction

The objective of modern breeding is to develop cultivars capable of maximum
expression of genetic potential for crop productivity under specific
natural and climatic conditions. The effectiveness of breeding programs

is largely determined by knowledge of the nature of inheritance of charac-
ters related to plant productivity. However, expression and inheritance

of quantitative characters are closely interrelated with mechanisms of
expression of genetic information in ontogenesis. One of the important
elements of this mechanism is capacity for competition, which is determined
genetically and, at the same time, subject to the influence of the environ-
ment [1]. If we consider that expression of the genetic potential for
productivity is related to intrapopulation competitiveness, which is
affocted by the nutrition area, we should create conditions close to

those of industrial fields, at least in plant density, in the breeding plots.
However, at the early breeding stages, when it is necessary to select geno-
types with a set of economically valuable traits, which are characterized
by strong variability in phenotypic expression, it is desirable to raise
hybrid populations in lower density planting, which rules out or signifi-
cantly attenuates intergenotypic competition. The advantage of stands

with an enlarged area of plant nutrition is also that, in such a case,
there is a significant increase in coefficient of seed reproduction and,
for this reason, it becomes possible to make a more comprehensive and
faster evaluation of the breeding material.

With the above in mind, we decided to study the distinctions of the genetic
system of control of several quantitative characters of soft spring wheat
as related to different plant densities and, on the basis of the experimental
data, to consider some questions of selection of base material to be used
in breeding programs, and of effectiveness of selection in segregating
generations of hybrids.
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In this article, we report the results ol experiments pertaining to the
study of number of spikelets per spike. This character is closely related
to spike productivity, and for this reason it is of importance to breeding.

Recent surveys of works dealing with the results of hybrydological analysis
of number of spikelets per spike revealed that this trait is characterized
mainly by intermediate inheritance, with occasional expression of dominance
[2, 3]. Unlike most other quantitative characters of wheat, the trait under -
study is relatively stable in its expression under different vegetation -
conditions. Diallele crosses can furnish the most complete information -
about genetic control of a quantitative character.

The principles of genetic analysis of the results of studies of diallele
hybrids were expounded by Hull [4], Yates [5], Jinks [6, 7] and Hayman
2 [8-10] on the basis of the classical works of Fisher et al. {11, 12] and
- Mather [13]. Works dealing with diallelic analysis have been published in
our country [14, 15]. All of the studies involving the use of diallele
analysis revealed that the number of spikelets is controlled mainly by
genes with additive action and, in some cases, there is a dominant effect =
[2, 3]. However, it has not bee determined how the genetic parameters in
diallele analysis change when the nutrition areas vary when raising the -
plants.

Material and Methods

We used seven cultivars of soft spring wheat, which differ appreciably in
economically valuable characters, as the parents. Table 1 lists brief in-
formation about the cultivars. The choice of the cultivars for our experi-
ment was governed by the results of state testing thereof in the West
Siberian region.

Hybrid seeds were obtained in 1971 from an irrigated plot of the institute. -
= A special system of hybridization and growing the cultivars was developed
in order to obtain at least 1000 seeds from each of 42 combinations. Coin-
ciding stages of florescence of maternal and paternal parents were pro-—
vided by sowing dates. The cultivars were crossed in accordance with a
full diallele scheme, including intravarietal crosses. Some of the
T, hybrid seeds were sown in the hothouse in the winter of 1971-1972 in -
order to obtain F, seeds. Parent cultivars, F1 and F2 hybrids were
raised in the field in 1972 and 1973.in 2 experiments, which differed in -
plant density: experiment 1 (Exp-1), where the area of plant nutrition con-
stituted 400 em? (10%40) and experiment 2 (Exp-2),with a nutrition area
of 40 cm? (2%20). The number of seeds sown per m constituted 25 and 250,
respectively. The experiments were conducted in 4~fold replications. The -
variants (cultivars and hybrids) were arranged at random in the blocks.
The cultivars, F1 and F2 hybrids were raised in 1972 in Exp-1, and only
cultivars and F1 hybrids in Exp-2; in1973, the cultivars, as well as F1 and
F2 hybrids,were raised in both experiments. Sowing was performed on 15—~
16 May. The crops were dusted with vofatoks (metaphos) during the
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perlod between germinatlon and "shooting" to control wheat flea beetles

and "skrytostebel 'nyye" [stem-boring?] pests.

Table 1. Characteristics of cultivars used in the experiment
Abbreviation| Origin
Cultivar used in this| (country or Most valuable traits
article region)
Saratovskaya 29 529 USSR, High technological grain
) Povolzh'ye quality, drought resistance
i Mil'turum 553 M553 USSR, West Resistance to spring and
Siberia summer drought
Novosibirskava 67 N67 USSR, West Resistance to lodging, res-
Siberia ponsiveness to water and
fertilizers
GCrecum 114 Gll4 USSR, Non~ Resistance to lodging,
chernozem large kernels
region
Pirotriks 28 P28 USSR, North |[Drought resistance, high
- Kazakhstan potential productivity
World Seeds 1877 W77 United States|Resistance to brown and stem
rust, short stem
World Seeds 1812 W12 United States|Same as above

The meteorological conditions differed in the 2 years of the experiment:

In 1972 there was 31 mm more precipitation in June and 18 mm more in August

than the norm, and 13 mm less in July. Air temperature was 1.1° lower than -

the perennial mean in June, 1.9° lower in July and 1.5°C lower in August.
The significant shortage of warmth with good supply of water created un-

grain.
long—stemmed
was somewhat
0.4°C higher
- there was 31
- in the first

cultivars and hybrids.

than this mean in July.
mm more rainfall than the norm.
half of July had an adverse effect on formation of structural

favorable conditions during formation [plumping] and maturation of the
Moreover, the torrential rains in August caused lodging of the

In 1973, the mean monthly temperature
jower than the perennial mean in May, June and August, and
During the period of plant vegetation,
However, the brief drought

elements of the spike, particularly with the usual plant density.

The plants were gathered at the end of the yellow-ripe stage, then dried

and their structural elements analyzed.
plants that presented a regional [margina
data were submitted to variance analysis.

111

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050036-5

we excluded from the analysis
1?7] effect.
The differences between variants

The experimental



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050036-5

FOR OFFICIAL USE ONLY

werc highly reliable (P<0.001) in all cases. The differences between replica-
tions were also reliable. Reciprocal effects were reliable for some hybrid
combinations, but negligible in value and for this reason we used the

means for the character in reciprocals in our analysis. In this article

we have adopted the following abbreviations: Vp--variance of series; Wp~-
covarlance ol serles; ﬁ-—component of variability determinod by additive
gene action;AFr——component reElecting dominant and additive effects inA

the gseries; F--mean value of Fy for all series in the diallele table; H;
and Ha—--components reflecting positive and negative effects of genes; f =
algebraic sum of dominant effects of heterozygous loci for all hybrids; E--
paratypical component of variability.

We tested homogeneity of Wp—-V¢ to prove the validity of the hypothesis -
upon which diallele analysis is based [8]. 1In all cases, it was proven with

high reliability that the requirements of material used in the experiment

were met with respect to spikelets per spike. Diallele analysis was per-—

formed using a previously described method [16], and the obtained data

were interpreted according to Hayman [8].

Experimental Section

- Table 2 lists the mean values for the character in parents (X) and several -
hybrids from each parent (x0). As we see, the cultivars used in the crosses
differ appreciably in number of spikelets per spike, and vegetation condi-
tions, as well as plant feeding area, have a significant effect on expres-
- sion of the trait. In 1972, the difference between parent variants with
the use of the larger nutrition area (Exp-1) constituted 6.6 and with the
usual area (Exp-2) 6.1 spikelets. However, an average of 2 spikelets more
was Formed in Exp-1 than in Exp-2. In 1973, which was less favorable in -
water supply, the difference in Exp-1 constituted 7.4 spikelets and in
Exp-2 3.9. It should be noted that, in 1973, on the average 2.4 fewer
spikelets were formed in Exp-1 and 3.2 spikelets less in Exp-2 than in 1972.
Thus, on the whole, there were fewer spikelets per spike in 1973 than in
1972, and fewer spikelets were formed, regardless of year, in the case of
- the usual nutrition area than with enlargement thereof. However, the culti-
vars reacted differently to these two factors: While the differences be-
tween cultivars were more marked in 1973 than 1972 with the use of the
- larger nutrition area (Exp-1), in the case of the ordinary area (Exp-2)
they leveled off. This means that, regardless of environmental conditions,
there is fuller expression of genetic potential in the case of sowing at
a lower density than with the usual density of plant stands.

Comparative analysis of group means for parents and Fi hybrids (X) revealed

that, on the whole, the trait is characterized by intermediate inheritance.

However, with lower density planting, the group means for F; were lower in

both 1972 and 1973 than for the parents, which is indicative of partial -
dominance in the direction of the parent with fewer spikelets per spike.

Tn the case of high-density planting (Exp-2) the group means were the same -
for parents and F; hybrids in 1972, while the mean for F; was higher than
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1If we compare the mean values ol the

trait for cach parent to the mean values for hybrids involving the same ,
we shall sce that the cultivars differ in degree and direction of

The group means for F2 were simlilar In value to the group

Table 2. Number of spikelets per spike in parents (%) and .ybrids (xq)
7 w1
Cultivar Exp-1 Exp=2 Exp=1 Exp-2
» ¥ F P I F r i F; | ¥y P 1. 1Y
Wi 1491162 117,0 [ 13,6 [152)12,2 (13,6 13,5 11,4]12,8]12,9 ;
Wi 1531165 [ 16,8 [ 1304 [ 19,7 [ 126 | 1318 [ 1306 [ 1106 | 12,7 [ 124
S 16,7 (170 [ 17 frate (18 | iai2 [ 138 |17 [ 1202 |13t [1200
7 I8, 0 I8, 4 [ 18,4 (17,2 16,4 116,6 [ 15,9 15,6 | 13,4 13,6 [ 13,6
114 20,3 | I88 19,01 17,9 | 17,1 | 18,4 | 16,4 { 16,2 | 14.6 { 14,0 | 14,0
y:y.'u 20,8 [ 1R9 1193 | 16,8 116,9 116,816,101 | 16,1 | 12,8 13,4 | 13,4
5 2005 [ 1976 [ 200 | 1905 {17:6 (1906 | 170 {171 [ 15,3 | 153 | 1403
X 18,2 | 18,0 [ 18:3 | 16,2 | 16,2 | 15,8 | 15,4 | 153 [ 13,0 | 134 | 13]4 '
Her wit
1003 0,72 028 080 040
Table 3. Results of variance and covariance analysis
19712 1973
Parameter| EXP=l Exp~2| Expel Expe2
¥ ¥ 1) P Py ) 1 )
N 6,85 *e* GHLrve] 522%ee] o0 | F05e0e | 208 0ts| 207 ee0
i ~401vee o000 [-057 00w g agvee [~171 000 | 0070 [-023e
i, 040% | 046* | 030 | 0500ee | 043¢ | 004* | 03°
iy 033%* | 0420 | 0z | 058ess | 03iee ;0030 | ou1e
it 0,12 006 | 003 | 03ceee [ 0goeme| 029000] 02200
, ,
Gy 024 026 | o2 oz 024 |03 | oz -
:7 4ity 021 0,23 022 025 020 022 021 -
1
GhinyT 4 | 04 053 | 063 | 049 031 078 | 063
- 1 .
-+ Fjabin) ? —
—F
7 040%¢ | 0,14% | 007%%¢| 07000 | O470% ] 0 0%er| 0,410
n 0,7t 095 ]o02 |o2 18 |07 | 155
* P<D05  ** POl %0 P00,

The results of variance and covariance analysis listed in Table 3 show

- that the trait is controlled in the material studied mainly by genes with
Vegetation conditions and, particularly, plant feeding

additive action.

area have a substantial influence on genetic compopent D
In all cases, the value of D is hlghly reliable
While D fluctuated insignificantly in different years in the

(pP<0.001).

additive gene ac tlon .

which reflects

case of low-density sowing (Exp-l), it was one- -half the 1972 level in

1973 in the case of high-density sowing (Exp-2).

This is related to the

fact that there was smoothing of genotypic differences between cultivars
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in the experiment where there was the usual density of plant stands. Under
these conditions, the genetic potential of each parent was not realized.
Parameter ?, which reflects the direction of dominance as a whole for all
hybrids, fluctuated significantly according to vegetation conditions,

feeding area and generation studied. A minus sign for this parameter

shows that, on the whole, there was expression in hybrids of dominance in

the direction of the parent that formed fewer spikelets per spike. 1In 1972,
the value of F in Exp-1 was double the value in Exp-2. In 1973, the figures
were —1.48 for F1 and -1.71 for F2 in Exp-l, -0.07 and -0.23 in Exp-2.

Parameters ﬁl and ﬁg are closely interrelated and reflect the contribution
of genes with positive effects that increase the number of spikelets and
those with negative ones that reduce the number of spikelets per spike. The
values of these parameters were reliable in all casgs. .The correlation
between these two parameters is reflected in index Hz/4Hi, which ranged

from 0.20 to 0.25. This indicates that, in some cases, alleles with
positive and negative effects were manifested in equal proportion (0.25)

in some hybrids and unequal ones (0.20%0.23) in others. The slight asymmetry
of distribytign of positive and negative alleles is also confirmed by the
fact that H1>Hp in all cases. It should only be mentioned that the differ-
ences between H1 and fl; were unreliable.

1, An L
The parameter (A’I;ﬁl)'2 + /F\‘/(Z+Dﬁ1)‘2 - % characterizes the overall proportion
of dominant to recessive alleles in all parents. Since this index differed

- substantially from 1 (0.37-0.63) in all cases, it must be assumed that

- there is a disproportion between total number of dominant and recessive
genes in the material studied.

Parameter (ﬁl/S)%, which characterizes the mean degree of dominance for all
heterozygous loci, ranged from 0.13 to 0.28, which is indicative of partial
dominance. This type of inheritance is also confirmed by the fact that all
lines of regression of covariances Wy as functions of V, pass above the
starting point of the coordinates (Figures 1 and 2).

Analysis of the data in Table 3 shows that the genetic components of vari-
ability fluctuated over a rather wide range, depending on vegetation (year)
conditions and area of plant feeding (experiment). A comparison of the
parameters obtained from the results of evaluating F; and FzAleads us to

- conclude that no significant differences in such indices as D, Hi, Hz and

: proportion of genes with dominant and recessive effects, as well as genes
with positive and negative action, are demonstrable with respect to number
of spikelets per spike. However, the parameters D, ?, fl, and ﬁz only
give us an idea about the genetic system of control of the trait in the
material as a whole, whereas for practical breeding purposes we need in-
formation about the specific cultivar to be used in crosses. )

Table 4 lists the values of %r for each parent, which were obtained from

the estimates of Fy and Fp hybrids. As a rule, this parameter is not cal-
culated, and researchers limit themselves to the graphs of regression of
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A
W as a function of V.. We believe that parameter Fy supplements the in-

parent.

A
Table 4. Results ol estimation of Fy

formation concerning the nature of inheritance of the trait for a specific
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Figure 1.
Regression of covariances W, as a
function of variances Vy for Fy
(a, c) and Fp (b) hybrids raised in
1972 with an enlarged (a, b) and
ordinary (c) plant feeding area

1) W12 5) Gll4
2) W77 6) M553
3) 529 7) P28
4) N67
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Figure 2.

Regression of covariancesW, as a
function of variances V. in F}
(a, ¢) and F2 (b, d) hybrids
raised in 1973, with an enlarged
(a, b) and ordinary (c, d) plant
feeding area.
same as in Figure 1.

Designations are the

Upon analyzing the data in Table
4, we were Impressed, flrst of
all, by the labllity of parameter
r» the values of which fluctu~
ated over a wide range, depend-
ing on weather, feeding area and
gengration studied. The value

of Fy was unreliable in 2 out of
21 cases in 1972 and 4 out of 28
in 1973. Consequently, there was
expression in these hybrids of
intermediate inheritance, In
1972, no dominance was expressed
in F; of hybrids involving culti-
vars S29 and G114 (Exp-l) and F,
hybrids involving W12 (Exp~]). In
1973, no dominance was expressed
in F) hybrids derived from W12 in
Exp-1 or in F, involving W77, N67
and M553 in Exp-2. Dominance was
expressed in the direction of the
parent with larger number of
spikelets per spike in F; of
hybrids involving W77 and F, in=~
volving M553 and P28 in the
experiment with low density sow-
ing (Exp-l) in 1972; in the rest
of the hybrids it was expressed
in the direction of the parent
with the smaller number of spike-
lets. That same year, according
to the results of evaluation of
F;, with the usual density of
plant stands (Exp-2), there was
expression of dominance in the
direction of the parent with the
larger number of spikelets in hyb-
rids derived from W77 and M553,

and in the rest there was expression of dominance of the parent with fewer
spikelets per spike. In 1973, there was expression of dominance in the
direction of the parent with more spikelets per spike in hybrids involving
W12 and W77 in F; and W77 in F, in Exp-1l, and expression of dominance of
the one with fewer spikelets in the rest of the hybrids. In Exp-2, domi-
nance was expressed in the direction of the parent with the greater number
of spikelets in F; of hybrids derived from P28, F» of those derived from
W77, S29, P28 and M553, while in other hybrids it was expressed in the
direction of the parent with the lower number of spikelets. As can be seen
in Table 4, there was no expression of stable level and direction of
dominance in most hybrids. Relatively stable dominance in the direction of
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the parent with more spikelets persisted only in hybrids involving short-

- stemmed cultivar W77. It should be noted that cultivar W77 itself is
characterized by a low number of spikelets, as compared to most others
used in the experiment. The value of Fy fluctuated markedly, sometimes
to the extent of a change in sign, in all hybrids involving the rest of
the cultivars.,

Table 5. Results of correlation and regression analysis

L. 1972 1973
Coeffici~

. ent of Exp-1 Expe2| Expel Exp=2
correlat.| ¢ ) I3 P [ F r,
¥ between
K& WrtVy |oa2  [-ooue Jomo fouses |opor | -072  uod
r % 0,045 0,841 0,230 0,861 0,477 0,507 0,004
r betw%en 0,073 00w | 0083 ewe [ 0004 908 | 1057 vee [ O8I ose| GuBZes | 0980 *ee
bt T osm o907 |oger  |ogso  |ogue 0,920 0,855

We/Vy

* P05, ** PQO01.  *4* P<O00L,

Table 5 lists the results of correlation and regression analysis, which
enable us to derive some conclusions Epncerningthelinks between the mean
values for the character in parents (x) and level of dominance (WetVy), as
well as between Vy and Wy. As we see, the coefficient of correlation be-
tween x and Wr+Vr is reliable only in two cases. A high and negative
value for the coefficient of correlation (r = -0.917) indicates that,
according to estimates of F2 in 1972, in the experiment with larger feeding
area (Exp-l), a positive effect in expression of the trait is related to
the dominant action of genes and a negative one, to recessive action. The
high and positive coefficient (r = 0.928) obtained on the basis of the
results of estimating F1 in 1973, in the variant with enalrged nutrition
area, indicates that the positive effect in expression of the trait in F,
hybrids is related to recessive genes and negative effect to dominant ones.
All other cases, where the coefficients of correlation between x and Wy+Vy
are unreliable, indicate that the relative contribution of dominant and re-
cessive genes to development of the character in hybrids depends on vege-
tation conditions, nutrition area and generation studied. It should be
noted that the coefficients of determination r? are significantly lower
than 1, with the exception of the two cases discussed above, when the
coefficients of correlation were close to 1. High values of coefficients
of correlation (r') between V. and Wy and of coefficients of regression

(b) of Wy as a function of Vy indicate that, in all cases, the lines of
regression do not deviate appreciably from the line of the single slope.
This is additional proof of the fact that, for the character in question,
all requirements of base material used in diallele analysis were met [8].

The plots of regression of Wy as a function of Vr (see Figures 1 and 2)

rendered on the same scale illustrate not only the variability of values
of Weand Vy, but the relative nature of expression of dominant and recessive
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effeets in hybrids. The order of the cultivars along the line of regression
of Wy as a function of Vyr reflects entirely the relative share of dominant
and recessive parental alleles. While only one cultivar expressed dominance
(pa75%) in 1972 with the enlarged plant feeding area (Exp-1) in 1972, accord
ing to the results of evaluation of Fi (see Figure la) and others expressed
varying degrees of recessiveness (qv50-75%), the cultivars were more or

less uniformly distributed along the regression line according to the re-
sults of estimation of F2 (see Figure 1b), and W77 presented a change in
direction of dominance, as a result of which it was close to the point of
maximum recessiveness (qu100%). With the usual feeding area (Exp-2), in
1972 there was expression of dominance (p®75%) in two cultivars (W77, M553),
according to results of evaluation of F; (see Figure lc), while the others
were situated in the middle section of the line of regression (p%50%),

there being no appreciable difference between cultivars and none of the
parents was close to the point of maximum dominance (p = 100%) or maximum
recessiveness (q = 100%). In 1973, according to the findings on Fi (see
Figure 2a), there was expression of virtually complete dominance (px100%) in
W77 and W12 and complete recessiveness (q = 100%) in G114 and P28; the other
cultivars did not differ appreciably from one another and were situated
slightly above the middle point on the line of regression (qn50-75%) . Under
the same conditions, but with estimation of F, (see Figure 2b), only Gll4
retained complete recessiveness (q = 100%), dominance diminished (px75%) in
two cultivars (W12, W77) and the rest of the cultivars were situated in

the middle segment of the line of regression. In 1973, there was a drastic
drop in values of variances and covariances in Exp-2 and, as noted above,
value of By (see Table 4), the differences between cultivars being insigni-
ficant (see Figure 2c and d).

Discussion

With reference to the results of analysis as a whole, we should call atten-
tion to the fact that, even with regard to such a relatively stable trait
in its phenotypic expression as the number of spikelets per spike, high
variability is demonstrable for all of the calculated parameters as a func-
tion of vegetation conditions (year), density of plant stands in the

field (nutrition area) and generation studied (F1 and F2). On the one
hand, there is confirmation of the conclusion [2, 3] that the character is
contivolled mainly by genes with additive action and, on the other hand, it
has been very clearly shown that the genetic system of control of the trait
is strongly modified by the environment. Analysis revealed that the nature
of inheritance of the character in the material studied cannot be attri-
buted to additive action of genes alone.

Proceeding from the elementary conceptions of genetics, in the case of inter-
mediate inheritance of a quantitative character, the mean values for F2 and
F: should not deviate appreciably from the averaged value of the trait in

the original parents (Xp = XF, = i?}), since with such inheritance the re-
combination of genes as a result of segregation does not alter the mean

_ value for F2 in relation to F1, although there may be expression of
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considerable phenotypic variability of the trait in Fa. Consequently, in
the case of strict intermediate inheritance, genetic parameters of similar
value should be obtained in diallele analysis on the basis of the results
of cvaluation of F1 and F2. Indeed, no appreciable differences in the

main parameters (D, ﬁ, ﬁl, 2) were demonstrated according to the results
of analyzing F1 and F2 data (see Table 3). However, as shown by analysis
of values of Fp and curves of regression of Wy as a function of Vy, sig-
nificant differences were observed between F1 and F2, which compel us to
believe that recombination of genes that control the character leads to

a significant shift of mean value of the trait for the F2 population,

as compared to Fi. Typically enough, the mean values of F1 in series

(x0) did not differ appreciable from the means for F2. In essence, differ-—
ences between F1 and F2 were observed in some hybrids within series, which
led to dissimilar values of Wy and Vy in assessing F1 and F2 hybrids. These
differences were reflected in the order of location of the parents on the
regression lines (see Figures 1 and 2). The position of the parents coin-
cided according to the results of estimation of F1 and Fa2 in only 5 out of
21 cases. There was relatively similar order of parents in Exp~l in 1973
according to Fi; and Fa.

The differences between mean values for the trait in Fi and Fz, which

occurred in some hybrid combinations, could be due to partial dominance,
= with which the mean for F, deviates from the mean for F;. But this differ-
ences could have been due to difference in competitiveness of genotypes in
the segregating genmeration. Thus, when short-stemmed cultivars are crossed
with long-stemmed ones, plants are formed in Fz that differ markedly in
height as a result of recombination of genes that control stem length.
For this reason, these plants were exposed to dissimilar conditions in
the course of ontogenesis, which affected expression of genetic informa-
tion determining development of other traits, in particular, elements of
spike structure. In view of these distinctions, it must be conceded that,
even by analyzing traits controlled chiefly by gemes with additive action,
apparently we cannot obtain unequivocal information about genetic control
of the character on the basis of estimation of F; and F. From the
results of studying F», one can determine the parameters that characterize
the genetic system of control as a whole for the set of parents used in
the diallele cross. At the same time, the question arises as to whether
the results of evaluation of F, are suitable for calculation of variances
and covariances needed to describe individual parents. On the basis of
the genetic patterns at the basis of diallele analysis, it is not expedient
to use F, for evaluation of the genetic structure of individual parents.

We should discuss in greater detail the influence of vegetation conditions
- and feeding area on variability of genetic parameters in diallele analysis.

These two enviromnmental factors interact with one another closely, and for
- this reason they cannot be considered apart from one another. As shown by
analysis, there was no appreciable difference between genetic parameters
of plants raised in different years in the case of an enlarged feeding
area, whereas with the usual feeding area, close to the size used in
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industry, these parameters were significantly lower under the less favor—
able conditlons fn 1973 than In the more tavorable vegetatlon condltions Ln
1972. Thus, not only the parameters reflecting dominant cffects, but
those characterizing the additive action of genes fluctuate markedly,
depending on ambient conditions and density of plant stands. The values of
Vrand W are even more unstable; they reflect the action of the genes of

_ each parent and, first of all, the genes that express dominance or recessive-
ness. According to the principles of diallele analysis, the lower the
values of Vy and Wy, the higher the share of dominant alleles and,
accordingly, the lower the share of recessive alleles and, conversely,
the higher these values, the higher the share of recessive alleles and
lower that of dominant alleles involved in expression of the character in
the heterozygote.

The obtained data indicate that the relative share of dominant and recessive
alleles involved in phenotypic expression of the trait fluctuates over a
wide range, depending on the parents and environment. If we compare the
order of arrangement of parents on the line of regression of Wr as a func—
tion of Vy, excluding the results for Fa, we shall see that, in most cases,
the order is not the same, either in different years or in different experi-
ments. Such variability of expression of dominance is indicative of com-
plex interaction between dominant and recessive alleles in homologous loci,
depending on the genotypic environment and exogenous conditions during onto-
genesis. The phenomenon of allelic gene interaction and, in particular,
dominance is closely linked with the general problem of gene action in onto-
genesis. Many aspects of this problem, at any rate in higher plants, have

- not yet been resolved.

Ontogenetic formation of the character under study is controlled by many
genes. The expressiveness of these genes changes at different stages of
ontogenesis, depending on many factors of the endogenous and exogenous
environment that either stimulate or inhibit their action. Since each
gene makes an insignificant contribution to expression of this trait, we
should expect that the influence of the exogenous environment could have
a relatively greater effect than any gene individually. Since the number
of genes controlling a quantitative character is proportionate to the
number of phenotypic classes, determination of the number oy group of
genes in expression of dominance yields values that are underestimated
[17]. On the basis of this thesis and the fact that variability of
genetic parameters was very high in the experiment, we did not define the
number of genes controlling the trait in question.

In most works dealing with diallele analysis, there is discussion of experi-
mental data obtained as a result of growing the material under the same
conditions and with the same density of plant stands. The unequivocal
parameters then obtained reflect expression of genetic information under
concrete conditions. However, in order to solve practical problems re-
lated to forecasting effectiveness of selection in order to upgrade the
character, such results are obviously inadequate. :
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As shown by our findings, vegetation conditions and density of plant stands
have such a strong influence on expression of the genetic system of control
of the character in ontogenesis that it is difficult to obtain unequivocal
solutions to problems of forecasting the results of breeding. Diallele
analysis implies that the forecast of obtaining a genotype with all genes
having a dominant or recessive effect in the set of parents studied can

be made only if the coefficient of determination (rz) between the mean
values of the trait for the parents (x) and level of dominance (Wr+Vy) is
close to 1 [8]. In our experiment, this coefficient was close to 1 (0.861)
only in 1973, in the experiment with low density sowing (Exp-1), according
to evaluation of F1; in all other cases, with the exception of the findings
for F2, the coefficients were significantly smaller than 1. The estimates
made according to Alsel and Johnson [16] revealed that the forecast of
selection of the genotype with recessive genes that augment the number of
spikelets per spike constitutes 18.6 spikelets. This is somewhat higher
than for cultivar G114 (18.4 spikelets), but lower than for P28, which
formed the largest number of spikelets per spike (19.4) under these condi-
tions. On the line of regression of Wy as a function of Vy (see Figure 2a),
these two cultivars are close to the point of maximum recessiveness acting
in the direction of increase in number of spikelets. Consequently, in

the early segregant generations of hybrids derived from cultivars Gll4 and
P28, some recessive alleles in heterozygotes were overlapped by dominant
alleles lowering the phenotypic expression of the trait. Since the level
and direction of dominance change as a function of ambient conditions

and plant density, it is not possible to reliably predict the genetic
effect of selection in segregating generations according to genes express-—
ing dominance or recessiveness.

It is simpler to predict the improvement of the trait under study by breed-
ing because it is controlled mainly by genes with additive action, which is
reflected relatively completely in phenotypic expression in parents. In
breeding programs used to augment spike productivity by increasing the
number of spikelets for the conditions prevailing in Siberia, it is re-
commended that cultivars Gll4 and P28 be used, as they are characterized
- by high expressiveness of this trait under different vegetation conditions
- and with different density of plant stands. However, it should be noted
that fullest expression of the genetic potential for this trait was ob—-
_ served in the case of low density sowing; for this reason, selection should
= be pursued in fields with an enlarged and uniform area of plant feeding.
. Since genetic variability of the character is related mainly to the addi-
tive action of genmes, it is recommended that selection be started in early
segregating generations (F2-F3). But it must be borne in mind that there
may be expression of partial dominance in the direction of attenuation of
phenotypic expression of the trait in hybrids involving G114 and P28, in
segregating generations, in genotypes that are heterozygous for the loci
that control the number of spikelets; therefore, selection would also be
effective in later generations (Fy-Fs) for some breeding lines. It must be
noted that the short-stemmed American cultivars W77 and W12 are not suitable
for improvement of the character under study in developing cultivars for
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local conditions. Siberian cultivar M553, widely zoned S29 and the new
radiation cultivar N67 can be used in breeding programs, but will be less
effective than Cll4 and P28. Of course, we are referring here only to
the number of spikelets per spike.

Our study confirms the conclusion of Gilbert, who made a critical scrutiny
of the effectiveness of diallele analysis for practical purposes, to the
effect that such analysis makes it possible to refine the breeding pro-
cess, but does not replace the creative intuition of the breeder, At the
same time, it is quite obvious that diallele analysis is, for the time
being, one of the most effective methods of studying the genetic system of
control of quantitative characters.

Conclusions

Diallele analysis revealed that there is high variability of genetic para-
meters related to number of spikelets per spike, depending on vegetation
conditions (year), density of plant stands (area of nutrition) and genera-
tion studied (F; and F2). It was demonstrated that this character is con-
trolled chiefly by genes with additive action; however, genes with dominant
effects also make a significant contribution to the genetic system of con-
trol of the trait in hybrids. The cultivars used in the experiment differ
appreciably in nature of allelic interaction of genes that determine
development of spikelets in the spike.

~
Component D, which reflects the additive action of genes, showed less fluc-
tuation in different years in the case of low density sowing than usual
sowing.

On the average, all hybrids expressed partial dominance in the direction of
the parent with fewer spikelets per spike; however, the cultivars differed
substantially in component fr, which reflects the direction of dominance
for the group of hybrids referable to each cultivar.

The relative contribution of dominant and recessive alleles, as well as
contribution of genes with positive and negative effects, to phenotypic
expression of the character fluctuated significantly, depending on vegeta-
tion conditions and plant feeding area.

There are 5 tables and 2 figures; bibliography lists 18 items.
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COMBINING ABILITY OF SOFT SPRING WHEAT CULTIVARS FOR KERNEL SIZE UNDER
- THE CONDITIONS OF WEST SIBERIA

Moscow DOKLADY VASKhNIL in Russian No 11, 1978 pp 1-3

[Article by R. A. Tsil'ke, candidate of agricultural Sciences, and 0. T.
Kachur, Siberian Scientific Research Institute of Agriculture, submitted
9 Mar 78, presented by A. V. Pukhal'skiy, academician of VASKhNIL (All~-

Union Order of Lenin Academy of Agricultural Sciences imeni V. I. Lenin)
on 10 Mar 78]

[Text] In the last few years, there has been considerable refinement in
Siberia of the technology for growing wheat and this, in turn, has im-
posed new requirements of cultivars. The diversity of soil and climate,
rigor and variability thereof pose problems of exceptional difficulty to
breeding. The effectiveness of breeding programs based on gene recombina-
tion depends largely on the combining ability of the base material used

in hybridization. Special mathematical methods have been developed for
analysis of general (GCA) and specific (SCA) combining ability of genotypes
according to the results of evaluation of hybrid offspring (Fi; and F3) ob-
tained from systemic crosses [2]. It is known that expression of the
genetic potential for varietal productivity depends on environmental fac-
tors and, in particular, area of plant feeding [1].

Our objective was to study the nature of expression of combining ability

of seven soft spring wheat cultivars as related to vegetation conditions
2 (year) and area of plant nutrition (experiments). 1In this article, we re~
port the results of evaluating the cultivars according to grain size. The
worldwide pool of genes of hexaploid wheat is characterized by significant
diversity of kernel size, the index of which is the weight per 1000 kernels.
It has been shown in several works that this character is controlled mainly
by genes with additive action; however, dominant and overdominant effects
also have an appreciable influence on development of traits in hybrids
[3-6].

The cultivars used in the experiment were crossed following a full diallele
scheme. The parents, F; and Fz hybrids were raised in the field in 1972 and
1973, in two experiments differing in plant feeding area: experiment 1
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Weight per 1000 kernels for cultivars, F; and F2 hybrids (g)

Table 1.
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[exp-1], low density sowing with 10x40 cm feeding
area (400 cm?); experiment 2 [exp-2], ordinary
sowing density with nutrition area of 2X20 cm
(40 cm?). When scaled to 1 m?, the number of
seeds planted was 25 in exp~l and 250 in exp-2.
The meteorological conditions were not ‘the same
in the 2 years. The vegetation conditions in
1972 were characterized by a shortage of warmth,
but good precipitation, whereas 1973 was rela-
tively favorable for plant development with
regard to temperature and water.

The results of variance analysis revealed that
the differences between cultivars (P) and hybrids
(F; and F») were highly reliable (P<0.001).

Analysis revealed that the variances were signifi-
cantly greater for GCA than SCA. This shows that
genes with additive action make a substantial con-
tribution to the genetic system of control of

the trait. In the case of low density sowing
(exp-1), the differences between genotypes were
more distinct according to GCA. Although the

SCA variances were strongly inferior to SCA

they still indicated that genes with allelic and
nonallelic interaction had a considerable in-
fluence on development of the character in the
hybrids.

The data listed in Table 1 indicate that the
base cultivars differed appreciably in nature of
expression of the character, and the means were
relatively stable in different years and experi-
ments., However, as shown by the group means (X),
the character was expressed more stably in the
hybrids as a whole than the cultivars. Moreover,
the hybrids formed larger kernels than the culti-
vars, which is indicative of expression of domi-
nant and overdominant effects., As a rule, the
weight per 1000 kernels dropped markedly in Fa,
as compared to F;. This indicates that the
heterosis effect is related mainly to heterozy-
gosity of the loci controlling the trait in
question. Regardless of year and plant feeding
area, Grecum 114 and hybrids derived from it
formed the largest kernels,

As can be seen in Table 2, the effects of GCA
fluctuated significantly, depending on vegetation
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conditions, plant feeding area and the hybrid generation studied; however,
the sequence (ranks) of the cultivars is relatively stable according to
estimates of GCA. Positive effects of GCA were obtained for cultivars
Grecum L14, Novosibirskaya 67 and Saratovskaya 29, It should be noted that

- Grecum 114 was several times superior to the other two cultivars In magni-
tude of GCA effects.

Table 2, Effects of GCA of cultivars on weight per 1000 kernels (g)

1972 1973
exp=1 expw2| exp-=1l exp«2

Cultivar b T Fo Fy F, ko Fy
. = = =z
T NI E NG IPE

L] L8 L L1 oo | L} a

g g & 3 vl I A

World Seeds 1877 |—1cs|a|-2.08]35 =396/ 1 |—3.13] 1 |=a1s| 1 |=2,25) 2 |—a.04]
" " 1812 0,41 f 4| —0,19) 4 |-2,43 2 [~—1,76 2 {—2,32] 2 |--1,05 3 |--1,71] 2
ﬁl (o riks —2,78f 1 {3,101} 2 [~0,24| 3 |-2.05 3 [—1,49 3 |-2,46] 1 |—0,84] 3
lf urum 3 —2.47| 2| —3,24| 1 [—0,00{ 4 |~0,98} 4 |-0,05 4 |—0,38] 4 0,25 4
narfef 1.76[ 8| o058 5 1.4 5| 1,665 |—0,020 5[ 1,358
8‘{8 é$é£§§3y3967 0595 z85)86{ 1,606 03236 | 1,83[6 | t,34f 6 1,660 8
Grecum 114 st 7] a6 7] asof 7] sa8l 7| a.sel7 | amaf 7| 3,447
Standard rrory—y) oss|-| o.s6|—y o3l ~f o3|} o3el—f 033 ~| 0.3~

Although the nature of expression of the character in parents reflects, to
some extent, the relative value of the genotype, only evaluation of hybrid
offspring yields objective information about the genetic potential of a
cultivar. This can be well seen in cultivars Novosibirskaya 67 and
Saratovskaya 29, which showed similar results with regard to weight per
1000 kernels, but differed appreciably in general combining ability.

This study indicated that overall combining ability of cultivars, accord-
ing to weight per 1000 kernels, was expressed relatively stably under differ-
B ent vegetation conditions and different density of plant stands. It was

- established that the new cultivar, Grecum 114, has the highest and rela-

- tively stable GCA, and it is a unique source of genes that can be used
effectively in breeding programs as a donor for kernel size, In view of

the fact that kernel size is controlled mainly by genes with additive action,
selection for this character will be effective in early segregating genera-
tions (F2 and F3). It is expected that selection will be the most effective
among the hybrid combinations Saratovskaya 29 X Grecum 114, Novosibirskaya
67 x Grecum 114, in which considerable transgressive segregation is ex-
pressed for the parameters that determine kernel size.
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VARIABILITY OF GENETIC PARAMETERS IN DIALLELE ANALYSIS OF QUANTITATIVE
CHARACTERS OF SOFT SPRING WHEAT. REPORT 2: STEM LENGTH

Moscow GENETIKA in Russian Vol 15, No 2, 1979 pp 273-285

[Article by R. A. Tsil'ke, O. T. Kachur and S. A. Sadykova, Siberian
Scientific Research Institute of Agriculture, Omsk, submitted 13 Oct 77]

[Text] Diallele analysis was made of seven cultivars of soft
spring wheat according to stem length. It was shown that

the genetic parameters vary significantly, depending on vege-
tation conditions (year), area of plant feeding and the
hybrid generation studied. This character is controlled by
an additive-dominant genetic system. The interaction that
occurs between the genotype and environment has a strong
influence on the results of analysis., Variability of the
genetic parameters makes it difficult to predict the
effectiveness of breeding for this trait.

Plant height plays a substantial role in resistance to lodging. In order
to implement the practical tasks of developing cultivars with a specific
plant height one must have information about the genetic system of control
of stem formation under specific natural and climate conditioms. Some of
the questions related to the problem of developing lodging-resistant culti-
vars of soft spring wheat in the extremely continental climate of Siberia

- were discussed previously [1].

The studies conducted in different climates and of different base material
revealed that stem length, as the main component of overall plant height,
is characterized by a complex genetic control system, including genes

with different types of action and interaction, and they differ signifi-
cantly in phenotypic effect on expression of the character [2-26]., 1In
some forms of wheat stem length is controlled by several genes, each of
which is characterized by a strong phenotypic effect, and in others it is
controlled by many genes expressing mild effects.
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Extensive use 1s made of short-stemmed forms in modern breeding programs;
- unlike long-stemmed ones, the former are characterized by a specific genetic
system of control of the trait in question. When short-stemmed cultivars
are crosses with long-stemmed ones, a wide phenotypic spectrum of plant
height appears in segregating generations, and this poses a number of
problems with respect to selection of elite plants and evaluation of breed-
jng lines. In the course of ontogenesis, plants that differ appreciably in
height are exposed to different conditions, with regard to some environ-
mental Factors, and this affects expression of genetic information that de-
termines development of characters that are directly and indirectly re-
lated to plant productivity [2, 3]. If we also consider that expression
of the genetic potential of genotype productivity depends on the vegeta-
tion conditions in the course of ontogenesis and area of plant feeding,
we can understand the difficulties that arise in selecting and evaluating
breeding material. Consequently, when determining the effectiveness of
selection for stem length in segregating generations, we also solve breeding
problems related to expression of genetic potential for varietal producti-
vity. In spite of the urgency of developing cultivars for different
geographic and climatic regions of the country that would be resistant to
lodging, very little information has been accumulated to date concerning
genetic control of formation of a stem of a specific length and its
relation to development of other economically valuable characters under
different plant-raising conditions [27-28]. ‘

In this article, we report the results of diallele analysis of stem length
in soft spring wheat as related to vegetation conditions (years), area of
plant nutrition (experiments) and generation studied (F1 and F3).

Material and Methods

The following cultivars were included in diallele analysis: Saratovskaya 29
(829), Mil'turum 553 (¥553), Novosibirskaya 67 (N67), Grecum 114 (Gl14),
Pirotrix 28 (P28), World Seeds 1877 (W77) and World Seeds 1812 (W12). These
cultivars differ substantially, not only in stem length and resistance to
lodging, but in the set of economically valuable characters. The short-

- stemmed American cultivars W77 and W12, and medium-stemmed Soviet cultivars
N67 and Gll4 are characterized by rather high resistance to lodging under
the conditions of West Siberia. Medium-stemmed S29 and long-stemmed M553
and P28 are not resistant to lodging.

The cultivars, F; and Fy hybrids were raised in the filed in 1972 and 1973
in two experiments differing in area of plant feeding: experiment 1 (exp-1)
with low-density sowing and feeding area of 10x40 cm (400 cm?) and experi-
ment 2 (exp-2), ordinary sowing pattern with feeding area of 2x20 cm
(840 cm?). When scaled to 1 m“, the number of germinating seeds planted
- constituted 25 in exp-l and 250 in exp-2. The methods used in the experi-
ments, characteristics of initial material and data pertaining to meteoro-
= logical factors were described in our previous report [29].
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ixperimental Section

fable 1 lists the mean values for the character in parents (x) and means
for hybrids derived from each parent (x0). As we see, the cultivars used
in the experiment differed appreciably in stem length. They can be ar-
bitrarily divided into 3 groups: short-stemmed (W12, W77), medium (S29,
N67, G114) and long-stemmed (M553 and P28). Within each group, there was
also a difference in expression of the trait in most cases. The American
cultivars W12 and W77 formed @ stem that was almost one-half the length

of the Siberian M553 and P28. Of the medium-height cultivars, Gll4 formed
the shortest stem., In 1972, this cultivar had a stem that was 12.5 cm
shorter in the case of low-density stands (exp-1l) and 5.9 cm shorter

in the usual stands (exp-2); the figures for 1973 were 10.0 and 4.9 cm
shorter, respectively, than in $29.

Table 1. Stem length in parents (X) and hybrids (Xo), cm

1072 19713

Culti exp=l exp-2 | exp-l exp=2

var
- v olw o 13 po|w 7 L ) [

B

wi2 534|783 | 764 | 57,7 | 84,0 | 404 749} T1,5 | 56,7 | 847 | 828
w71 G4 | 784 | 750 | 619 822 | 543 ] 774 745 652 | 858 | 824
S29 077 | 914 | 897 § 96,1950 {1036 ] 9701 940 [ 1030 (1005 | 995
67 803 | ;2 (890 | o76) 001 |1002| 986 | 934 {1015 | f01,4 [ 1000
114 852 | 806 | 804 | 002|965 | 90,61 973 1 941 | 981 11007 | 988
1553 104 | 948 | 954 | 10441980 |1187 | 1040 | 101,2 | 117,8 | 107,2 | 1060
28 1043 | 970 | 950 {1406 [ 99,2 |109,4 [103,4 [101,0 [ 1180 [ 4074 | 1055
X 846 | 887 | 868 | B84 | 927 | 894 | 93,2 | 90,0 | 943 | 985 | 96,4
ncp WiLtH 398 1,58 2,34 1,17
p<005

We were impressed by the fact that, although stem length varied, depending
on vegetation conditions and plant feeding area, the fluctuations were not
as significant as for number of spikelets per spike [29]., 1In 1973, the
cultivars formed a longer stem than in 1972; and they formed a longer
stem in the case of the usual sowing density than low density. Typically
enough, the opposite was observed for number of spikelets: the cultivars
formed more spikelets in 1972 than in 1973, and more with low-density
sowing than the usual spacing. The negligible differences between group
means for parents and Fi hybrids (X) indicate that in the hybrids as a

- whole there was expression of intermediate dinheritance; but, at the same
time, the observed differences are still indicative of expression of
dominant effects. The means for hybrids (Xo) involving short-stemmed

W77 and W12 were lower in all cases than the group means for the parents
(X), whereas they were higher for the hybrids involving medium- and long-
stemmed S29, N67, G114, P28 and M553. The means for F» (Xo) were

lower in most hybrids than for Fi, which is also indicative of expression
of dominant effects,
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table 2. Results of variance and covariance analysis

10712 wn
Para= 1
exp= -
meter p exp=~2 exp=1 exp-2
14 41 P P 143 L] r
b 402,82 %0¢ 400,77 see 41830 %%e 726,15 %00 72439 00e 579.46 9%¢ 570,71 *e*
F 68,33 %+ 13,65 ** 86,60 *** -59,70 ++* -68,03 *ee 54,99 %% 11,58 **
1y 19,35 000 10,76 % . 55,54 %% 21550 23,67 vee 7.86% 001
H 13,4290 766 4738 %00 20,11 18,030 72500 - -056
I 47,6000 10,46 +» 53,18 %0 36,48 %% -414 574700 | 1020 %ee
(#,/D)" 022 0,16 038 0,19 018 012
ityyadt, 0,17 018 021 0,48 0,47 023
(&N " +F
Ll 228 1,23 1,79
wolF 085 059 237
E 878 8,83 eoe 498 820° 0,95 oo 5,54 see 5,30 **¢

<t P<0OS P00t P<000fi o...»— mot calculated due to unreliability

of one of the initial parameters.

As shown by the data in Table 2, in the material studied genes with addi-
tive action made the most substantial cogtribution to the genetic system
of control of the character. Component D, which reflects variability
_ due to additive gene action, fluctuated over a rather wide range, deRend—
ing on the year and density of plant stands. In 1972, the value of D
was higher in the case of usual spacing (exp-2) and this was true in 1973
in the case of low-density sowing (exp-1). On the whole, however, the
values for component D were considerably higher in 1973 than 1972, parti-
cularly in the case of larger plant feeding area (exp-1).

In addition to the additive action, dominant effects also make a signifi-
cant contribution to the genetic system of control of the trait. The
values of component F, which reflects the direction of dominance as a
whole for all hybrids, were reliable in different yeays, experiments and
generations, It should be noted that the values of F were positive in
both experiments in 1972 and in exp-2 in 1973, and they were negative in
exp-2 in 1973, These findings indicate that vegetation conditions and
plant feeding area have a strong influence on the nature of allelic gene
interaction in expression of the trait in hybrids, and these two environ-
mental factors interact closely with one another and the genotype. This
is apparent from the fact that, while the values of F were considerably
higher (86.60) in the case of usual plant spacing (exp-2) in 1972 than

- 1973 (54.99) and they were characterized by a positive sign, with low-
density sowing the direction of dominance changed from positive in 1972
(69.38) to negative in 1973 (-59.70). We were impressed by the fact that,
with evaluation of Fj hybrids the values of F were several times lower
than in evaluation of Fi. In view of recombination of genes controlling
development of the stem, the mean for the segregant F» generation deviated
from the mean for F;, which in turn affected the results of variance and
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covariance analysis. Parameters f; and 81, were reliable in most cases, and
they were higher in Fi hybrids than F,. Moreover, in all cases, Ra,,
which indicates an uneven proportion of genes with positive and negative
effects in the material examined. This was also confirmed by the fact

that parameter f,/48, deviated from the 0.25 level, ranging from 0.17 to
0.23, the deviations being more substantial with low-demsity sowing (exp-1)
than usual density (exp-2).

The index of mean dominance (ﬁl /ﬁ)l/z ranged from 0.12 to 0.36, which was

indicative of the modifying effect of the environment on nature of expression

of dominant effects. According to the results of evaluation of F1 hybrids -

with the usual sowing density in 1972 and 1973, and low-density sowing in
- 1972, index (Aﬁﬁl)%+ / (4D, )%-P was significantly greater than 1 (1.79,

2.37 and 2.28, respectively). This indicates that there was prevalence

of genes with dominant effects in the material studied. However, this

conclusion is not corroborated by the findings for Fi1 hybrids in the case

of low-density sowing in 1973, when the index is <1(0.65).

Table 3. Values of parameter %r

- P 1912 1978
aren
exp=1 exp=2 exp~l exp-2
1 n ? | 3 " n
w2 ~118,36 *oe —~177.80 °%¢ ~152,00 #ee 84,50 %% 177,66 9** ~126,18 *** ~144,01 ***
w77 35,70 ¢ ~61,02 008 ~117,07 s*e 54,15 ¢ 86,74 **° 43.40%% 6294 vos =
- S29 —13,86 »e ~4527 eee 10565 *** " 2802 —40,65 128,22 +s* 66,87 ***
87 145,69 o¢ 26,32 ¢ 08,84 ov* —92,30%¢ ~280,35 *0® 154,84 ** 6421 %%
- 145 135,00 #e» 117,85 %+ 111,82 eo0 ~216,98 #** —187.00 *** 57,28 «° ~18.45 ***
M 533 134,20 *o* 185,65 *** 39772 e —171,89 »o* -13392 00 85,35 **¢ 65,00 ***
28 166,41 o0 102,46 ¥+ 162,00 #0¢ ~Bi 41 +e -89,72%°° 60,86 **° ~1548 °**

* PgO,05: ** P<0,01; *** P<O004.

With respect to analysis, of the data in Table 3, it should be noted that

the values of parameter Fp, which reflects the relative contribution of

genes with additive and dominant action to development of the trait in the

group of hybrids derived from each parent, fluctuated over a rather wide
- range, depending on vegetation conditions, feeding area and generation
studied. According to the results,of evaluation of F1 hybrids derived
from short-stemmed W12, parameter Fy was characterized by a negative R
value in both experiments in 1972 and exp-2 in 1973; it was positive in _
exp-1 in 1973. Different results were obtained when we evaluated Fi1 hyb-
rids derived from the other short-stemmed cultivar, W77: parameter Fr
was negative only in exp-2 in 1973, and it was positive in all other
cases. According to the resulgs obtained for Fi hybrids involving N67,
G114, M553 and P28, parameter Fy was characterized by a positive sign i
in 1972 and negative in 1973 in the case of low-density sowing, whereas _
with the usual sowing density it was positive in both 1972 and 1973, Cul- _
tivar S29 differed in nature ofhinheritance of stem length from the other
varities in that the values of Fp were significantly lower than for other
cutlivars in both experiments of 1972 and in exp-l in 1973. It is
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~
important to mention that the values of Fp from the results of evaluation
of ¥y usually differed significantly from the results for Fa.

The graphs of regression of Wp as a function of V; (see Figures 1-3) yield

the most complete information about manifestation of dominant and recessive
- effects., First of all, we should indicate that the lines of regression

are situated considerably higher than the start of the coordinates on all

curves. This confirms the fact that, on the whole, there is expression

of partial dominance of stem length in hybrids.

W, W, In 1972, in the variant with lcw-
wol- o |- b density sowing (exp-1), accordirng
to evaluation of Fi1 (see Figure la),
cultivars N67, Gll4, M553 and P28
expressed dominance (p 75%), while
W12 presented recessiveness
(q~50-75%). W77 and S29 were si-
tuated in the middle section of

the line of regression, which is
indicative of absence of appreci-

300}

200)~

100

0 708 d o200 é able dominant or recessive effects.
According to results of estimates
_ Figure 1. for F, (see Figure 1b), M553 was
Craphs of regression of W, as a func- close to the point of maximum do-
tion of Vy, Fi(a), Fz2 (b), exp-1, 1972 minance on the line of regression
1) Wiz 4) N67 6) M553 (p#100%), while W12 was close to
2) W77 5) Gll4 7) P28 the one of maximum recessiveness
3) S29 (q®100%). G114 and P28 expressed

dominance {(p®75%), while W77, S29

and N67 showed recessiveness
:ﬁ_ (q®50-75%). In the case of the

usual sowing density (exp-2),
according to results of evalua-
tion of F, (see Figure 2), Gll4,
$29, N67, P28 expressed dominance
(p850-75%), W12 and W77 recessive-
ness (q¥75%), while M553 expressed
maximum dominance (p = 100%).

oo

2001

In 1973, there was an appreciable
change in order of cultivars on
the line of regression, as com-

Figure 2. pared to 1972. With low-density
Curves of regression of W, as a func- sowing, according to results for
tion of Vy, F;, exp-l, 1972 F, (see Figure 3a), Gll4, N67,

M553 and P28 expressed recessive-
ness (q®50-75%), while W12 pre-
sented dominance. W77 and S$29

Designations are the same as in
Figure 1.
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tion of V. in 1973.
the same as in Figure 1,

Curves of regression of W, as a func-
Designations are

were situated in the middle section
of the line of regression. Upon
evaluation of F2 (see Figure 3b),
the order of the cultivars on the
line of regression did not change
appreciably, as compared to Fi,
Only N67 was close to the point of
maximum recessiveness (q¥100%Z).
With the usual sowing density,
according to results for Fi and

F2 (see Figure 3, c and d), only
W12 expressed recessiveness (q¥75%),
while the other cultivars, which
did express dominance (p&50-75%),
did not differ appreciably from one
another, particularly according to
the results for Fa.

Table 4 lists data from correlation
and regression analysis, A nega-
tive correlation was demonstrated
between the means for the trait
in the parents (X) and level of
dominance (Wp+Ve) in the case of
low-density sowing in 1972, "and
a positive one with low-density
sowing in 1973, Although the
coefficients of correlation (r)
were unreliable in most cases

a) Fi1, exp-1 c) Fi, exp-2 due to the small size of the sample
b) F2, exp-1 d) F2, exp-2 (n = 7), they were high enough to
give an idea about the phenotypic
_ action of dominant and recessive
B genes.
Table 4, Resutls of correlation and regression analysis
- 1072 1973
Coeffi- exp~1 exp- - exp=2
cient P p-2 exp=l
» ] 14 P b P b )
7 xphetueen 0,89 0715 0,868 +* 0,661 0773 0.683 0,489
- o ge¥%+vr “odas 0600 0 0437 0598 0,486 0238
i, 09740% 0,985 *+* 0996 %% 0.997 9% 0,997 0e¢
oy, r & V2| GRS o 1124 03820 0906 1,00t 0,988
. * P<u,05: ** P<0,04; *** P<0,001,
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The negative correlation between x and Wy+Vy indicates that, with low~den—
sity sowing in 1972 and usual densityin 1972 and 1973, the positive effects
on expression of the character (elongation of stem) in F1 and F2 hybrids
arc related to the action of dominant genes and negative ones (shortening
of stem) to recessive genes. The positive correlation observed hetween
these parameters in 1973 with low-density sowing indicates that positlve
effects on expression of the trait are related to recessive genes and
negative ones, to dominant genes.

In view of the fact that the values of coefficients of determination (rz)
were significant <1 in all cases, it is not deemed purposeful to predict
the limit of breeding on the basis of stem length to the maximum dominance
or recessiveness of material studied. The coefficients of correlation (r")
between W, and Vy were highly reliable in all cases (P<0.001). The high
coefficients of regression (b) of Wy as a function of V. indicate that the
lines of regression did not deviate appreciable from the line of a single
slope. This serves as additional proof of the fact that, with regard to
stem length, all requirements were met in the experiment for base material,
according to the hypothesis of Hayman [30].

Discussion

Our analysis shows that the genetic parameters reflecting the additive and
nonadditive action of gene are characterized by considerable variability,
depending on vegetation conditions (year), area of plant feeding (experiment)
and generation studied (F; and F»). Of particular interest is the variabi-
lity of genetic parameters induced by the first two factors.

First of all, it should be noted that stem length is controlled mainly by
genes with additive action, which present relative stability of phenotypic
expression, Although genes with nonadditive action make a substantial
contribution to the genetic system of control of the trait, they are char-
acterized by high lability of phenotypic expression. However, the obtained
data indicate that it is quite arbitrary to refer to relative stability of
genctic compopent D. In the case of low-density sowing (exp-1) in 1973,
the value of D was almost double the level in 1972, and in the case of
usual density it was 1.5 times higher than in 1972. This occurred when

no major differences were observed on the whole in stem length of cultivars
and hybrids in different years and experiments. It is remarkable that there
was [uller expression of genotypic differences between parents in 1973 than
1972, and it was fuller with a larger feeding area than limited one. There
was even greater modification by environmental conditions of the action of
genes with dominant effects. Not only did the degree of dominance fluctu-
ate over a rather wide range, depending on meteorological conditions and
plant density, these factors could also induce a change in direction of do-
minance. While the direction of dominance did not change in the 2 yearg
with usual sowing density, in the case of low-density sowing component F
was characterized by a positive sign in 1972 and negative in 1973. Thus,

a change in direction of dominance occurred only with the larger feeding
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area and with a shortage of water (1973). Typically enough, with the larger
feeding area in 1972, positive effects (longer stem) in hybrids were re-
lated to dominant expression of gene action and in 1973, with recessive
expression; therefore, the group means for F1 hybrids were higher than

for parents, in both the former and latter cases.,

This study also revealed that the values of genetic components vary, de-
pending cn the generation studied. Components ¥, Hi, Hz and 32, which char-
acterize allelic interaction of genes, were significantly lower according
to results of evaluation of F2 hybrids than F;. Moreover, in the case of
usual sowing density in 1973, the values of Hi and fi, were unreliable
according to results obtained for F,. Such differences, which were found
in evaluating nonsegregating (Fi) and segregating (F2) generations, are
attributable to the fact that two short-stemmed cultivars, W12 and W77,
were included in the experiment, and they are characterized by a specific
system of genetic control of stem length., In hybrid combinations involving
short-stemmed cultivars, on the one hand, and medium and long-stemmed ones,
on the other, significant intrapopulation diversity occurred in F, with
respect to phenotypic expression of the character as a result of recombina-
tion of genes controlling stem length. If we consider that there is a
correlation between stem length and expression of other quantitative
characters, in particular, development of the root system, we shall realize
how complex the conditions, under which Fy plants differing in stem length
underwent individual development. Starting with the early stages of onto-
genesis, competitiveness induced by distinctions of stem morphogenesis in
different F2 genotypes influences expression of genetic information that
determines development of all traits that are directly or indirectly
related to plant height. Hence, in those cases where the cultivars used

in diallele crosses differ in system of genetic control of stem length,
segregation automatically leads to appearance of recombinants varying in
capacity for competition; therefore, it is undesirable to use F2 hybrids

in diallele analysis.

We were impressed by the fact that, in the material studied, there was a
disproportion between genes with dominant and recessive action, as well

as genes with positive and negative effects. Such asymmetry of distribu-
tion of genes with different types of action is apparently related to the
distinctions of the system of genetic control of the trait in short-
stemmed W12 and W77. It is assumed that, in hybrids obtained from crossing
short-stemmed cultivars with medium and long-stemmed ones, the strong
individual effects of a small number of genes controlling the short stem
trait are obscured by a large number of genes with mild effects that
control dominance; therefore, on the lines of regression of Wy as a func-
tion of Vy, significant intervals are not demonstrable between the short-
and long-stemmed cultivars. Consequently, diallele analysis does not
demonstrate the contrast in the system of genetic control of the character
that is manifested by the relative expression of the trait in the cultivars.
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As we know, the objective of diallele analysis is to determine the nature
_ of action and interaction of genes that control a certain character and, on
. this basis, to predict the possibilities of improving the trait through
- breeding within the range of the base material used in the analysis. As
shown by correlation analysis of the results of evaluation of F) hybrids,
the link between mean values of the character in the parents and level of
dominance was reliable in only one case (exp-2, Fi, 1972). But even in
- this case, the coefficient of determination was significantly <1, which
did not make it possible to reliably forecast the range of breeding for
this character. TFrom the standpoint of practical breeding tasks referable
to a strongly continental climate, there is no need. to define this range,
since excessive shortness or tallness does not meet the requirements
made of cultivars raised under such conditions, where years with adequate
precipitation alternate with years of drought, In the presence of drought,
- the short-stemmed cultivars form such short plants that it is extremely
difficult to use mechanized harvesting. In addition, the stubble left
after harvesting plays an important erosion-control and snow-retaining
role in modern agriculture in the steppe regions of Siberia. Of course,
it is difficult to solve this problem using short-stemmed cultivars., How-
5 ever, long-stemmed ones also fail to meet the requirements of modern agri-
culture. In years with good precipitation, when a large harvest is ex-
pected, tall cultivars are usually subject to severe lodging under the
influence of torrential rains associated with winds at the flowering and
plumping stages, which leads to significant loss of harvest and also
makes harvesting more difficult. Thus, the climate and intensive modern
agriculture pose some very difficult problems to breeding practice., In
the first place, the cultivars most have a high genetic potential for pro-
E ductivity, and this would be impossible without adequate resistance to
lodging. In the second place, the cultivars must be drought-resistant,
and they should not react by drastic reduction of stem length., Of the
material studied, cultivars N67 and Gll4 best meet the former requirement,
but they are not resistant enough to severe drought.

The high variability we demonstrated for genetic parameters must be taken
- into consideration in developing breeding programs for the purpose of
creating cultivars with a specific plant height. Most nonlocal short-
stemmed cultivars are included in breeding programs, not only as carriers
- of genes controlling shortness and resistance to lodging, but as sources
of genes of resistance to brown and stem rust. Our study revealed that,
when crossing short-stemmed cultivars with long-stemmed ones, it is desir-
able to grow the segregating generation of hybrids with provisions for
a large plant feeding area, which enhances the effectiveness of selection
_ for the trait in question, for the purpose of fuller expression of
genetic information. However, it must be borne in mind that, in the case
of low-density sowing, when there is attenuation of intergenotypic com-—
petition, there may be stronger expression of dominant effects that are
not expressed when there is a limited feeding area, which intensifies such
competition. It should also be borne in mind that different degrees of
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competitiveness of plants differing in height, which are genotypically
determined, may lead to significant interplot interaction when evaluating
genotypes at the early stages of breeding. For this reason, breeding
nurseries should be made up of blocks with consideration of the expected
phenotypic expression of the character, for the purpose of ruling out,

if possible, or attenuating negative interaction between genotypes

raised on adjacent plots. This will permit objective evaluation of breed-
ing material, not only with respect to plant height, but other traits
related to plant productivity.

If we were to consider the results obtained from the standpoint of effect-
iveness of selection in segregating generations, it is important to bear
in mind the distinctions of the system of genetic control in different
cultivars. Since the results of F, analysis are not reliable enough to
assess the cultivars for this character, let us refer to the results ob-
tained for F;. In hybrids involving medium and long-stemmed cultivars
G114, N67, P28 and M553 with the usual density of plant stands, there was
expression only of dominance to varying extents in the direction of the
parent with the longer stem, whereas in the case of low-density stands

we observed a change in direction of dominance induced by vegetation con-
ditions (year). Consequently, in hybrids involving these cultivars, there
was more stable expression of dominance of direction of action when they
were raised with a limited feeding area. On this basis, it may be

assumed that, in hybrids involving G113, N67, M553 and P28, in the

early segregating generations the dominant alleles inducing elongation

of the stem overlap recessive alleles that shorten the stem., However, in
view of the fact that genes with additive action make the main contribution
to development of the stem, selection for plant height can be started in
early segregating generations (F,, F3). But it must be borne in mind that
genotypes selected in early generations may segregate in later generations
when these cultivars are crosses with short-stemmed ones, such as W12 and
W77. It is also important to take into consideration the fact that

there is stronger manifestation of effects, both with regard to expression
and direction of action, when segregating generations are raised under
conditions of larger feeding areas.

To conclude our discussion of the experimental data we obtained, we must
call attention to one substantial distinction of the system of genetic
control of stem formation, which is the variability of relative contribu-
tion of dominant and recessive alleles to phenotypic expression of the
trait in hybrids. The following question remains open: Does the nature
of allele action change, expressing dominance under some conditions or
recessiveness under others, or are different genes in the system of
control of stem morphogenesis included or exluded during ontogenesis,
depending on ambient conditions? We can only assume that both phenomena
occur in the system of genetic control of this quantitative character.,
The difficulty lies in the fact that variability of genetic parameters as
a function of environmental conditions does not allow us to obtain an
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unequivocal answer concerningthe nature of inheritance of the character,
and this makes it difficult or impossible to predict the effectiveness
of selection in segregating generations.
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VARIABILITY OF GENETIC PARAMETERS IN DIALLELE ANALYSIS OF QUANTITATIVE
- CHARACTERS OF SOFT SPRING WHEAT. REPORT 3: SPIKE LENGTH

Moscow GENETIKA in Russian Vol 15, No 2, 1979 pp 286-297

[Article by R. A. Tsil'ke, O. T. Kachur and S. A. Sadykova, Siberian
Scientific Research Institute of Agriculture, Omsk, submitted 13 Oct 77]

[Text] A diallele analysis was made of seven soft spring
cultivars for spike length., It was shown that the para-
meters that characterize the system of genetic control of
this trait vary significantly, depending on vegetation
conditions (years), density of plant stands and generation
B of hybrids studied. This character is controlled by an
additive~dominant genetic system. The variability of ge-
netic parameters makes it difficult to predict improvement
of this character by means of breeding.

The worldwide pool of soft wheat genes is characterized by considerable
. diversity of spike length. The degree of expression of this trait fluctu-
ates over a wide range, depending on geographic and climatic conditionms,
and direction of breeding. Much attention is given to spike length in
modern breeding programs, since it is correlated with other structural
elements that determine spike productivity. Genetic studies pursued
in different climates and on different base material revealed that spike
length is controlled by a large number of genes with different types of
action and interaction. A recent survey of works published on the nature
- of inheritance of this character [1] relieves us of the task of repeating
an analysis of the studies that have been conducted. Let us merely note
that spike length is controlled chiefly by genes with additive action.
At the same time, it was also demonstrated that genes with dominant and
recessive effects have a significant influence on development of this
character in hybrids.

Under the conditions of Siberia, several experiments were conducted [1, 2]
B and showed that the nature of expression and inheritance of this trait

varies, depending on vegetation conditions (years). This, of course,

makes it difficult to predict the effectiveness of selection in segregating
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generations. Since importance is attributed to spike lenth, which is
modified to some extent by environmental factors, when selecting plants
for spike productivity under fileld conditions, our objective was to study
varfabillty of the parameters characterizing the system of genetic control
of this trait, as related to area of plant feeding, meteorological condi-
tions and hybrid generation studied. In this article, we submit the
results of diallele analysis of spike length, which were obtained under
different vegetation conditions (years) and different plant feeding areas
(experiments).

Material and Methods

The following cultivars were used in diallele analysis: Saratovskaya 29 (829),
Mil'turum 553 (M553), Novosibirskaya 67 (N67), Grecum 114 (Gl14), Pirotriks
28 (P28), World Seeds 1877 (W77) and World Seeds 1812 (W12). These culti-
“vars differ substantially, not only in spike length but some other economi-
cally valuable characters. $29 is characterized by high drought resistance
- and grain quality; M553 is adapted to the dry steppe conditions of Siberia;
P28 has a high genetic potential for general productivity; N67 and Gll4 are
resistant to lodging and highly productive; the American short-stemmed
varieties, W12 and W77, are resistant to lodging and rust fungi.

The cultivars, F; and Fp hybrids were raised under field conditions in

two experiments in 1972 and 1973, which differed in plant feeding area:
experiment 1 (exp-1), with low-density sowing and 10x40 cm (400 cm?) feeding
area and experiment 2 (exp-2), with usual sowing density and feeding area
of 2%20 cm (%40 cm?). When scaled to 1 mz, the number of germinative seeds
constituted 25 in exp~l and 250 in exp-2. We excluded from structural
analysis plants that were raised with a regional [marginal] effect. Tests
for homogeneity of Wr~Vy revealed that the base material conformed with

the requirements stipulated according to the hypothesis of Hayman [3],

with respect to spike length. The details on the experimental methods,
characteristics of base material and data about meteorological factors

were given in our previous report [4].

Experimental Section

Table 1 lists the mean values for the trait in parents and hybrid groups

derived from each parent. The varieties used in the experiment differed

appreciably in spike length. Vegetation conditions and plant feeding area

- had a significant influence on degree of expression of this trait. In 1972,
spike length ranged from 84.8 (W77) to 112.0 (G114) in the cultivars, and
in 1973 from 70.8 (Wl2) to 112.5 mm (Gll4) in exp-l; in the case of the
usual sowing spacing (exp-2), the figures were 73.5 to 105.7 and 61.5 to
81.0 mm, respectively.

As we see, with the larger area of plant nutrition, the cultivars and hyb-
rids formed a longer spike than with a limited area, and they formed a
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longer stem in 1972 than 1973. The differences in spike length between
short-stemmed early-ripening W12 and W77, as well as between long~stemmed
jate-ripening M553 and P28, were less marked than between average ripening
and average height cultivars $29, N67 and Gl14, which occupy an inter-
mediate position in relation to the short- and long-stemmed varieties.
While Gll4 formed the shortest stem in the group of cultivars of medium
height [5], it was considerably superior to all other varieties tested in
this experiment with respect to spike length. The group means (X) for Fa
hybrids were higher in all cases than the group means for parents, which
is indicative of expression of dominant effects. In the case of low-
density sowing (exp-l), the differences were more marked between group
means for hybrids and parents than in the case of usual sowing density
(exp-2). Negligible differences were observed between the group means for
F1 and F2 hybrids.

Table 1. Spike length in parents (x) and hybrids (xq), mm

1972 | 1073

exp-1 exp+2 exp=l exp=2
Variety » | v | n|» | ®n|e nlen|e nlw
w12 86,4 100,2] 100,4| 74,5| 84,8 | 70,8 | 83,6 81,2 61,5 [ 68,6 | 68,3
w77 84'8] 100,4| '99.0| 73.5| 82,5 | 71:9 | 83.4 | 0.7 [ 63,8 | 69.5 | 67.0
S20 08,0] 105.3| 1030| 82,8( 87,7 | 85,0 | 89,3 [ 87,9 | 63'2 | 6.1 | 68,0
gm 104,7| 100.1] 107,3| 92.2| 90,9 | 93,0 | 83,8 | 90’4 | 66,2 | 7015 | 69.6
14 | 122.0] 116.8| 14.7| 105,7] 97,6 f112.5 [01,1 [ 98,4 | 81,0 | 75,9 | 74,8
553 | 118.6( 112,0| 112,3| 04,4} 933 | 97,4 | 94,6 | 94,5 | 68,8 | 69,7 | 68,9
2 118.8| 114.6| 14,3 10t,1| 95,8 [106.1 | 98,5 { 88,3 | 74,0 | 7311 | 730
(%) .| 104.8) 108:3] 107,5] 89,2 90,4 | 90.8 | 92,0 | 90,2 | 68,4 | 70,9 | 69,9

H}g‘i’“x{’qu 41 1,9 4,28 2,28
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Table 2. Results of variance and covariance analysis

1972 . 1973
Para- exp=1 exp-2 exp=1 exp=4
meters ’ 1 4 1 b ) n n . n
b 240,12 *** 238,34 ove 158,44 o0 244,34 0% 243,05 *** 4521 eoe 45,67 o0
4 -6,73° -150 —14,27 0% ~21.32 00 —48,81 *ee 336 0,47
r'a 16,70 *** -021 578 7,00 093 3z 2,02
A 18,04 *° 342 641 12,10 161 487 142
Iy 34,07 #%e 23,77 % 32500 0,47 322 1706%% | 5840
@Dy 0,28 o 0,19 047 e 020
4 Hy 024 vee 028 043 e 032
(4 Dty "+F :
—_— 0,00 ee 062 0, e 120
(4DH\)"~F ) 0
E 406 584 270 - 828 867 356 3400

e pcony; o pcogl; s pcogi; w.o—indices e not calculated due to
unref%ab??ity of one of base parameters.

;able 2 lists the results of variance and covariance analysis. Component
D, which reflects the contribution of genes with additive action to the
system of genetic control of the trait has a significantly higher value
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than components indicatjve of dominant gene action. With low~density sowing
(exp-1), the values of D did not differ in different years, whereas with
usual sowing density (exR—Z) they were 3.5 t mes higher in 1972 than 1973.
- The values of component F, which reflects the direction of dominance as a
whole for all hybrids, were reliable in all cases according to results
of estimates of F; hybrids, and this index was characterized by a negative
sign in both experiments in 1972, whereas in 1973 it was negative in the
case of low-density sowing and positive, with usual sowing density. In the
case of positive values for F, the dominant effects induce elongation of
the spike and with negative values, shortening. According to resultg of
estimates of F2 hybrids, the values of genetic parameters F, Hi and H2 were
unreliable in most cases; for this reason we did not calculate such indices
as mean degree of dominance, proportion of genes with positive and negative
effects, as well as proportion of dominant and recessive alleles. These
indices were calculated for all experiments from the results of evaluation
of F, hybrids. The index of mean degree of dominance constituted 0.28 in
1972 and 0.17 in 1973 for exp-1, 9.19 and 0.29, respectively for exp-2, which
is indicative of partial dominance manifested to different degrees in F
hybrids. Parameter 2/431, which reflects the proportion of genes with
positive and negative effects, was close to the 0.25 level (0.24) only in
- the case of low-density sowing in 1972, whereas with usual sowing density
that year it constituted 0.28, the figures being 0.43 with low-density
sowing and 0,32 with usual sowing in 1973. This index, as we see,
deviated significantly from the above level, which was indicative of a
- dissimilar number Qf genes among parents manifesting positive and negative
effects. Index (4DH1)ﬁ+F/(4ﬁﬁl)1-?, which reflects the proportion of
total number of dominant alleles to total number of recessives in all
parents, constituted 0,90 in 1972 and 0.50 in 1973 with low-density sowing,
0.50 and 1.29, respectively,with usual sowing density. As we see, in the
case of a limited feeding area (exp-2) in 1972 and enlarged ome in 1973,
there was an excess of recessive alleles, and with the limited feeding
area in 1973 there was an excess of dominant ones. This disproportion was
also confirmed by the values of index F.

As shown by the data in Table 3, parameter ir was reliable in most cases,
according to estimates of both F; and F, hybrids. This parameter reflects

= the relative contribution of dominant and additive genes to development of
the trait in the group of hybridg derived from each parent. The obtained
data indicate that the value of F, fluctuates markedly, depending on vege—
tation conditions, plant feeding area and generation studied.

The genetic system of control of the trait in each cultivar, in particular,
the relative contribution of dominant and recessive alleles, are graphically
illustrated by the curves of regression of W, as a function of Vg (Figures 1
and 2). Let us mention that the line of regression is significantly

higher than the start of the coordinates on all of the graphs. This con-
firms the conclusion that there is expression of partial dominance for
spike length in the hybrids as a whole. 1In 1972, according to the results
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of evaluation of F1 (see Figure la), cultivars G114, S29 and M553 expressed
recessiveness (q®50-75%). W77 and P28 expressed negligible dominance, w12
and N67 expressed neither dominance nor recessiveness. According to the
estimates for F2, in this experiment N67 and G113 did not manifest dominant
effects (see Figure 1b); P28 and M553 expressed dominance (p%75%), while
W12 and W77 expressed recessiveness (q®75-100%). With the usual density
of plant stands (exp-2), in 1972 G114, N67 and 529 manifested recessiveness
(q®¥50-75%), W77 and P28 presented dominance (p®50-75%) , while W12 and M553
did not express these effects according to results for F, (see Figure lc).
: In 1973, with the larger plant feeding area (exp-1), M553, S29 and P29 ex-
pressed significant recessiveness (qw75%), Gll4 expressed almost complete
recessiveness (qwl00%), while there was considerable dominance (p 50-75%)
for W12, W77 and N67 according to F1 estimates (see Figure 2a). Accord-
ing to results for F, (see Figure 2b).in this experiment, There was
negligible dominance expressed in W77 and N67 and recessiveness in P28,
M553 and S29 (q®50-75%); Gll4 presented complete recessiveness. With the
usual feeding area (exp-2) in 1973, according to results for F1 (see
Figure 2c), W77 and S29 did not express either dominance or recessiveness;
G114, P28 and M553 expressed dominance (p¥50-75%), W12 and N67 expressed
recessiveness (qu850-75%). According to the results for F2 in this experi-
ment (see Figure 2d), There was expression of dominance (p850-75%) in
W77, S29 and N67, and negligible recessiveness in W12, Gli4 and P28, The
regression curves are specially rendered on the same scale, in order to
emphasize the variability of variances and covariances as a function of
density of plant stands.

" Figure 1.
il Regression curves for Wy as a
function of V. in 1972
| a) Fi, exp-1 c) Fi, exp~2
wl b) F2, exp-1
1) wi2 5) Gll4
wl 2) W77 6) M553
3) S29 7) P28
? 4) N67
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Table 3. Results of estimates of %r

1072 1w

_ expel Xp=~2J| _exp=] exp=2
Parent | i F I3 P I3 "

w12 pgz | -s2e7¢ | 400 gsi0eve [ g3y |-1760¢ | -583°¢
w77 | 1336 -1058¢> | 3238¢ ) 4T71% 434000 | 003 | 1550°
329 |-3084%| 2485 |-2378¢| -6785es | —5500% | ~2,72 544
87 1243 557 |-4842¢] 2897° 2359 |(-1192%| 820°¢
16 |-sea3e| -0 [-3050° |-15813eee | 22380 eer | 2001% | -1222¢

553 |—1s18% | 4301e | Bo1e| -4284 |-10358ees | 681} -105
28 2050 | 7496 |-14300 | —giBees | -3498% | 26,13 |-1151°

*P<0,05; ** P<0J1; **¢ P<0,001.

The data listed in Table 4 indicate
that, according to F1 estimates, the
link between mean values for the
character in parents (X) and level
of dominance (Wy+Vy) was reliable
only in 1973, the coefficient being
- positive (r = 0.869) with the
" larger feeding area and negative
(r = -0.871) with the limited one
(exp-2). According to the F2 esti-
mates, the link between these two
‘ . ' indices was reliable in exp-1 1972
h ¢ i d (r = -0.800) and exp-1 1973
. (r = 0.759). In all cases, the
wh . coefficient of determination (r®)
L - was significantly <1. The coeffi-
- ”}’c Wby % (2 cients of correlation (r') between
fimn S L Wy and Vr were highly reliable in
AL 0w 60 W, all cases (P<0.00l), while the
lines of regression of Wr as a
function of Vy did not deviate
appreciably from the line of a
single slope.
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Figure 2.
= Regression curves for Wy as a func-
- tion of V. in 1973. Designations
are the same as in Figure 1.

c) F1, exp-2 Discussion

d) Fa, exp-2

a) F1, exp-1l
b) Fa2, exp-1l
Qur diallele analysis revealed that
spike length in the cultivars
- studied is controlled by an additive-dominant genetic system, the genes
with additive action making the larger contribution to this system. It was
established that the values of the genetic parameters fluctuate over a
rather wide range, depending on vegetation conditions (year), density of
plant stands (experiment) and hybrid generation (F1 and F2) studied. The
variability of these parameters is related primarily to lability of ex-
- pression of the character and genotype X environment interaction. Along
with similarity of quantitative traits, according to mnature of expression
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and inheritance, we also demonstrated certain differences between them, and
this could not fail to affect the results of diallele analysis. While the
cultivars and their hybrids formed a shorter stem in 1972 than 1973, and

a shorter one with low~-density sowing than ordinary demsity [5], the reverse
was observed with respect to number of spikelets [4], and this was typical
for the trait in question also. In 1972, the cultivars and hybrids formed

a longer head than in 1973, and a longer one with the larger feeding area
than the usual area.

Table 4. Results of correlation and regression analysis

| Wi 1973
exp=1 eXpel| expwl exXp=2

P, F n 3 IS n n

Coefficients

o
rbetween; o4 |-0800% |ogs2 |08syer [o750* |-0871% |0snt

) ,and w.+v, |03 | 0gi0 |0405 0755 [0578 | 0358 {0477
" between :logorees| 0003|0085 °e+| 0987 4%+ | 0,002 %0%| 0,980 00# [ 0018 00w
- V.& W,
b v, 0052 | 0098 (104 [1008 {114 1,106 | 1,104 °

*P<0,05; **P<O0I; ***P<0,001.

Tt is remarkable that genetic component B for stem length and number of
spikelets per spike fluctuated in different years and experiments [4, 5],
whereas for spike length its value was the same in different years in the
case of larger plant feeding area (exp-1), but different with the usual
feeding area (exp-2). Thus, with the usual area, the value of component
was 3.5 times hjgher in 1972 than 1973. The obtained results clearly show
that parameter D, which reflects the contribution of genes with additive
action to development of the trait, is more stable in different years
with the enlarged feeding area, when there was more complete expression
of genetic potential for phgnotypic manifestation of the character. The
- significant fluctuation of D in different years in the case of limited
plant feeding area is, apparently, related to the fact that with such
sowing genotypic differences are not fully manifested. Here, the reaction
of the gengtype to environmental conditions played a very important role.
. Parameter F which reflects the dlrectlgn of dominance as a whole for all
- hybridsg, varled considerably more than D in different years and experiments.
While F was characterized by a negative value according to stem length
- only with low-density sowing in 1973 and according to number of spikelets
in all experiments [4], according to spike length it had such a value in
both experimerts in 1972 and exp-1 in 1973. Consequently, it was only,
with a limiied feeding area (exp-2) under the conditions of 1973 that F
was characterized by a positive value, its value in exp-2 according to F)
estimates being 8 times lower than in exp 1, and in 1972 twice as high in
exp-2 than exp-l. Such variability of parameter ? is indicative of sensi-
tivity of the system of genetic control of the trait, particularly the
genes that express allele interaction. Parameters H;.and fl,, which reflect
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interaction of genes that have positive and negative effects, also fluctuated

= over a wide range, depending on the year, experiment and generation. Accord-
ing to evaluation of Fi, the values of 1 and 1, differed reliably in the
1973 experiments. This shows that there was expression of inequality of
alleles with positive and negative effects in the material tested, and this

- is confirmed by parameter ﬁz/4§1, which deviated significantly in these

experiments from the 0.25 level. This disproportion was particularly

evident in the F estimates in the case of low-density sowing in 1973, We

yere imRressed by the fact that, according to F2 evaluations, parameters

H; and Hz were unreliable in all cases for this trait, whereas they were

reliable in all experiments for number of spikelets [4].

The proportion of total dominant alleles to total recessives as a whole

for all parents shows that there was an excess of recessive alleles in 1972
with the usual feeding area and 1973 with the enlarged area, and an excess
of dominant ones in 1973 with the usual plant feeding area. Thus, veg:ta-
- tion conditions and density of plant stands had a substantial influence on
: expression of genetic information, as manifested by variability of propor-
tion of alleles with different types of action. The fact that the para-
meters reflecting allelic gene interaction (H; and ﬁz) were unreliable
according to F2 findings indicates that recombination of genes leading to
redistribution of genetic effects in the segregating generation influenced
the mean value of the trait in Fz, on the basis of which variance and co-
variance analysis was made. The appreciable deviations of F2 means from

F, means for spike length, which were observed in some hybrids, caused a
significant change in the results of analysis of Fa. These deviations
were related primarily to the fact that competition developed in segregating
F, populations, among hybrids involving short— and long-stemmed cultivars,
as a result of recombination of genes controlling stem length, between
plants characterized by different heights; this, in turn, affected ex—

i pression of genetic information determining development of quantitative
traits functionally related to stem length, The consequences resulting
from crossing short-stemmed cultivars with long-stemmed ones were dis-
cussed in detail in a previous report [5]. They amount to the fact that
the results of evaluation of Fz do not differ appreciably from those of Fi,
and therefore use thereof in diallele analysis is not recommended.

Parameters ﬁ, ?, ﬁl, ﬁz and the indices calculated on their basis yield
only a general idea about the system of genetic control of the character
in the assortment of cultivars studied. In order to solve practical
breeding problems, it is very important to have information about the
genetic system of each cultivar included in the analysis. Such informa-
- tion can be obtained from the results of estimating parameter ?r, which
is graphically illustrated by thg lines of regression of Wy as a function
of Vy. The obtained values for Fy indicate that there were considerable
differences between cultivars in relative contribution of genes with
additive and dominant action. Expressly this parameter reflects the
most fully the distinctions of inheritance of the trait, which are due,
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on the one hand, to the nature of variability of phenotypic expression
thercof and, on the other hand, interaction arising between the genotype
and environment in the course of ontogenesis., According to F, estimates,
none of the tested cultivars was characterized by high stability of para-
meter Fr. Moreover, the same (negative) values of ﬁr were obtained only
for cultivar $29, and even there the value was unreliable in one case.
In all other cultivars, we observed not only a change in direction of do-
a minance, but significant fluctuation of value of Py in different years,
expgriments and generations. G114 was characterized by the highest value
of Fy; in this cultivar, this parameter was highest for both stem length
and number of spikelets per splke [4, 5]. However, the difference con-
sisted of the fact that parameter Fr, for both spike length and number of
spikelets per spike,was characterized by a negative value and, for stem
length, by a.positive one in both 1972 experiments and the one with the
usual sowing density in 1973. These differences in the system of genetic
control of different characters in Gll4 must be taken into consideration
when using it in breeding programs. In the other cultivars, the genetic
system of control of the trait in question was modified even more by
environmental conditions. It is quite obvious that such variability of
genetic parameters makes it difficult to evaluate cultivars as sources of
valuable genes and cross components. However, before making such an
evaluation, one must determine the link between degree of expression of
the traits in cultivars and level of dominance (Wr+Vr), which makes it
possible to obtain information about the nature of influence of genes
expressing allelic interaction on development of the character. From
the results obtained for Fi, these links are reliable only in the 1973
experiments, the coefficient of correlation being positive with low-
density sowing and negative with the usual density. Since a positive
link indicates that the positive effects that make the spike longer are
induced by recessive genes and negative ones by dominant ones, selection
can be effective only in late segregating generations, when there is
segregation of recombinants containing the maximum number of genes with
recessive expression. However, it is also difficult to predict the
effectiveness of breeding for this trait due to the fact that, in 1973, the
coefficient of correlation between X and Wr+Vr was positive in the case of
low-density sowing and negative with the usual demsity, i.e., in the latter
case the positive effects were related to dominant gene action and the
negative ones to recessive action.

The relevant calculations according to Hayman [3] were made to predict the
range of breeding improvement of the trait on the basis of the material
studied; they revealed that the expected maximum spike length is 116 mm
according to the results obtained in the experiment with enlarged plant
feeding area and 84 mm with the usual area; in the former case, improve-
ment of the trait should be related to recessive genes and in the latter,
to dominant ones. In actuality, the longest spike was formed under these
conditions by cultivar Gll4: 112.5 mm long with low-density sowing and
81.0 mm with the usual density. The cultivars studied can be used to
upgrade this extremely important character, which is closely related to
spike productivity.
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It should be noted that the new cultivars G114 and P28, recently introduced
in Siberia, are characterized by a longer and more productive spike than
old cultivars, along with their other positive traits. At the same time,
it ls apparent that short-stemmed W12 and W77, as well as S29, which is
ralsed extensively in Siberia, cannot serve as sources of genes to upgrade
the trait in question, whereas G113, P28, N67 and M553 can be used with
success for this purpose. It is, however, important to bear in mind that
these cultivars differ in system of genetic control of the character;
therefore it is necessary to elaborate the appropriate breeding programs.
While these differences are not so substantial between P28, N67 and M553,
there is particularly distinct manifestation in Gl14 of the specific
nature of inheritance of the trait, consisting of the fact that recessive
genes with positive effects have a significant influence on development of
the character.

In spite of the unfavorable prognosis for improvement of the trait by
breeding, due to variability of the nature of allelic interaction . of
genes with different sowing densities, the task of further improving this
character is simplified by the fact that genes with additive action play
the decisive role in the system of genetic control. Since analysis re-
vealed that the cultivars differ appreciably in expression of the trait,
due to the genetic system of control in which the additive action of
genes is of prevalent significance, there are grounds to expect signifi-
cant positive, transgressive segregation in hybrid populations. It is
expected that selection in segregating generations of hybrids derived
from Cll4 and P28 will be the most effective. In view of the fact that
genes with recessive action make a substantial contribution to the system
of genetic control of the trait in G114, one should start selection

among segregating generations of hybrids involving this cultivar in Fj3 or
F,, when a sufficient number of homozygous recombinants is accumulated in
the population for recessive genes controlling spike lemgth. In hybrids
involving N67, P28 and M553, one can start selection in Fp, since allelic
gene interaction plays a negligible role in the genetic system and genes
with additive action are of predominant significance.

As shown by analysis, the most effective selection is expected when the
plants are raised with an enlarged feeding area. And this is where we
come up against one of themost complex problems, which is related to
the use of results of genetic analysis in breeding practice. Our study
shows that there is more distinct manifestation of the distinctions of
the genetic control system when the area of plant feeding is enlarged,
and there is fuller expression of the genetic potential, as compared to
a limited feeding area. We also know from our experience that selection
and evaluation of breeding material at the early stages are usually
made with reduced sowing norms, i.e., enlarged plant feeding area,
whereas testing of lines for yield is conducted with a higher norm for
seed sowing. We see here an overt contradiction: the types of gene
action and interaction in the case of low-density sowing and extent
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thereof cannot be manifested in stands planted at the conventional density.
The rather high norms for planting seeds under industrial conditions
are attributable to the exitence of a number of agrotechnical requirements,
which by no means take into consideration the nature of the genetic
system of coutrol of formation of elements of harvest structure. Hence,

- clther genetic analysis and, consequently, selectlion of genotypes must
be made for higher density of plant stands, with consideration of agro-
technical sowing norms and then a significant part of the genetic infor-
mation of the genotype will not be expressed, or else one must perform
analysis and selection with a lower sowing density, but then there would

- be the task of developing a new technology for raising the cultivars.
Probably, the latter route is more promising for a number of genetic,
breeding, plant-growing and economic reasons. But this has yet to be

- proven for specific geographic and climate zones.
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VARIABILITY OF GENETIC PARAMETERS IN DIALLELE ANALYSIS OF QUANTITATIVE
CHARACTERS OF SOFT SPRING WHEAT. REPORT 4: NUMBER OF KERNELS PER SPIKE

Moscow GENETIKA in Russian Vol 15, No 3, 1979 pp 488-497

{Article by R. A. Tsil'ke; O, T. Kachur; and S. A. Sadykova, Siberian
Scientific Research Institute of Agriculture, Omsk, submitted 29 Dec 77]

[Text] Diallele analysis revealed that there is expression
Z of variability of genetic parameters, depending on vegeta-
tion conditions :(year), plant feeding area (experiment)
and generation (F1 and F2) studied. Along with additive
action, there is also manifestation of significant
dominant gene action in the system of genetic control of
the character.

A
The values of component D, which reflects the additive
action of genes, is stable in different years in the case
of an enlarged plant nutrition area, but they vary signifi-
cantly with the usal feeding area, The genetic components
characterizing allelic gene interaction fluctuate signifi-
cantly in different years and experiments.

It was demonstrated that the order of the cultivars on
lines of regression of Wy as a function of Vy is subject to
less change according to number of kernels per spike than
spike length and number of spikelets per spike.

Forecasting improvement of the trait by breeding revealed
that the expected maximum effect does not exceed the level
attained in cultivar P28, which is considerably superior to
the others in number of kernels per spike and for this
reason is a unique source of genes that control spike pro-
ductivity. '

The productivity of a spike is directly related to the number and weight of
kernels formed in it. These characters are controlled by a complex genetic
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system that interacts closely with environmental conditions during onto-
genesis. The worldwide pool of genes of soft spring wheat is character-
ized by considerable diversity of number of kernels per spike, which is
attributable to the direction of selection and geographic-climate condi-
tions under which the cultivars are developed and raised. However, it is
assumed that the genetic potential of hexaploid wheat has not yet been
realized in modern cultivars. The variability of nature of expression

of the trait, which is related to sensitivity of morphogenesis of
generative organs in the ontogenetic process, creates a number of diffi-
culties in improving the trait through breeding and realizing its

genetic potential when the cultivars are grown under industrial conditionms.

A significant number of studies has been pursued in our country and abroad
on the nature of inheritance of the character in question. But since a
survey of these studies has been recently published [1], there is no need
to repeat it here. It was shown that the character is controlled by a
large number of genes, the action and interaction of which are strongly
modified by environmental conditions. The conclusions of researchers con-
cerning the system of genetic control of the character are quite contra-
dictory, and this is attributable to variability of its expression and
genotypic diversity of material used in genetic analysis.

Our objective was to study the variability of parameters characterizing

the system of genetic control of the trait as related to vegetation condi-
tions (year), plant feeding area (experiment) and hybrid gemeration (F; and
F2) analyzed. 1In this article we report the results of diallele analysis
of number of kernels per spike.

Material and Methods

The following cultivars were included in diallele analysis: Saratovskaya 29
(829), Mil'turum 553 (M553), Novosibirskaya 67 (N67), Grecum 114 (Gl14),
Pirotriks 28 (P28), World Seeds 1812 (Wl2) and World Seeds 1877 (W77).
These varieties differ appreciably in economically valuable traits, The
cultivars, Fy and F, hybrids were raised in the field in 1972-1973, 1in two
experimental variants differing in area of plant feeding: experiment 1
(exp-1), low-density sowing with 10x40 cm (400 cm?)plant feeding area;
experiment 2 (exp-2), usual density with 2x20 cm feeding area (w40 cm?).
When scaled to 1 m?, the number of planted seeds constituted 25 in exp-l
and 250 in exp-2., We excluded from structural analysis plants that

were raised with a marginal effect. We call attention to the fact that
the number of kernels was determined as the average for all productive
heads per plant, rather than for the main spike, as is erroneously done

in many studies, since the yield of grain per unit area is determined by
its weight in all spikes, rather than only the main ones. This approach
enables us to obtain objective information about the nature of expression
and inheritance of the most important element of the spike, Details of
the experimental methods, description of base material and data about
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meteorological factors were given previously [2]. The tests for homoge-
neity of Wy-V, revealed that the base material met all requirements imposed
according to the hypothesis of Hayman [3], with respect to number of kernels
per spike.

Experimental Section

The mean values of the trait for parents (x) and hybrids from each recurrent
parent (Xo), which are listed in Table 1, indicate that there was consider-
able fluctuation of number of kernels per spike, depending on the genotype,
vegetation conditions and plant feeding area. Under the conditions pre-
vailing in 1972, there was formation of more kernels per spike than in
1973, and there were more in the case of low-demsity sowing (exp-1) than
the usual density (exp~2). In 1972, the number of kernels ranged from 37.2
(W77) to 55.8 (P28) in exp 1 and from 24,9 (W/7) to 44,1 (P28) in exp-2;

in 1973, the figures were 28.8 (W77) to 48.4 (P28) and 19.6 (W12) to 33.3
(P28), respectively. With low-density sowing, an average of 6.6 more
kernels were formed per spike in 1972 than in 1973, and with the usual
sowing density, 7.7 kernels more in 1972,

Table 1. Number of kernels per spike in parents (x) and hybrids (x0)

1072 1973
. exp-1 Xpw2 expel expm?
Cultivar ;
P ¥, Py P F, P ) 2 ) P ¥ 1
Wi 43,2 |43,8 | 42,3 | 20,4 f 22,1 [ 31,2 [36,5 34,1 119,6 24,2 ) 23,2
w1 57'0 | 4208 | 4004 | 24'9 Jani2 [ 28.8 [ 35,7 [ 32,4 (20,5 | 24,3 | 24,8
o) 108 | 41,7 | 41,8 | 30,1 | 320 [ 33.8 | 35.7 | 34,3} 23,3 125,21 24,9
7 a0t 42,9 | 42,7 | 2002 | 31,8 | 35,2 | 26,7 1 34,7 [ 24,2 | 24,8 | 25,1
- Gti 4201 { 13,6 | 42,0 | 24,0 | 33,0 | 38,5 | 37,5 { 35,8 | 24,0 | 25,4 | 25.1
pam 38’5 | 4201 | 41,6 | 31,2 | 32,3 [ 34,5 | 35,0 | 34,5 1 22,6 | 24,2 | 24,
P 558 | 51,0 | 40,5 [ 44,1 {370 | 48,4 | 1.8 | 41,4 | 33,3 [ 28,9 | 28,7
X 4204 | 44,0 | 42,9 31,8 | 32,6 | 35,8 | 37,0 | 35,3 [ 24,1 1 25,3 | 25.1
ner With 410 131 2,99 1,12
P05

As shown by the group means (ﬁ), the hybrids as a whole formed more kernels
per spike than the cultivars. We were impressed by the data obtained for
P28, which is considerably superior to the others with regard to the

trait in question, and this is indicative of the great genetic potential

of this cultivar. Typically enough, the group means for hybrids (xp) were
usually higher than the means (x) for the recurrent parent. It is only in
the combinations involving P28 that the means for the hybrids are signifi-
cantly lower than the means for this cultivar. In most cases, the means
are lower for Fz hybrids than the means for Fi hybrids.

The results of variance and covariance analysis listed in Table 2 indi-
cate that, along with additive action, dominance also plays a substantial
role in the system of genetic control of the character. The genetic com-
ponents characterizing gene action and interaction differ in valiue, de~
pending on vegetation conditions, plant feeding area and generation studied.
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There was the greatest stability found for component D, the values of which
did not differ in 1972, and that of exp-l in 1973 did not differ from 1972,
Component f was less stable. According to the results of evaluation of F
hybrids with low-density sowing in 1972, F had a negative value, whereas

- In Lhe case of usual sowing degsity that year and both experiments in 1973
it was positive; the value of F was 2.7 times higher in 1973 with the
larger feeding area (exp~l) than the usual area (exp-2).

Table 2. Results of variance and covariance analysis

1072 9 .

exp=1 exp-2| exp-l exp=2

Parameters

¥y e ¥y 1) P 1A Py

0 35,36 %00 | 33,52emw| 3501 %ee 88,1300 ag,ueer| 19,3604 | 10,16 %%
o] 790 e 8,400 | —B9seee] 207w 298¢

2,04 1420 1.0 3,61 28
250 9,06 900 2,% 331w | 298%

®
ity
i

- i 138 2,48 1,14 L3000 | 2,88 me
(e 0,5 - 0,27 0,44 - 0.:'! 2.;
fivaits 0,24 - 0,24 [ - 0,3 .
whiittle it oAb -~ 2.0 100 - 1,8 192

umm -

31 5,500 | 1,63 3,45 2,68 0,730 093
Rellable wWiths e rcoms e pcotn s p oo

Note: The dashes indicate that indices were not calculated due to
unreliability of one of the base parameters.

The value of parameter (ﬁl/ll)k)l/2 was 2 times higher in exp-1 than exp-2,
while no differences were demonﬁtrable between experiments in 1973. The
differences between components Hi and Hz were reliable only in exp-1l in
1973. The values of ﬁ2/4ﬁ1 in both 1972 experiments and in exp-2 in 1973
did not differ reliably from the O, 25 level. Parameter (46ﬁ1)6+(?/(4Dﬁ])»—
F was greater than 1 in exp-2 in 1972 and in both experiments in 1973, but
smaller than 1 in exp-1 in, 1972,  According to the results of evaluation

of F» hybrids, parameters H1 and Hz were reliable in exp-2 in 1973; for
this reason, indices characterizing the mean degree of dominance, propor-
tion of genes with positive and negative effects, as well as proportion

of dominant and recessive genes, were calculated only from the data of this
experiment. These indices are similar to those obtained from the results
for Fi1.

Table 3 lists the results of determination of pargmeter ﬁr' As we see,

the cultivars differed substantially in value of F,, which fluctuated as

a function of vegetation conditions, plant feeding area and hybrid genera—

tion studied. According to the results for F; and F2, short-stemmed cul-
- tivars W12 and W77 were characterized by a negative value for Fr in all

cases. According to F; results, S29, M553 and P28 were characterized by

a positive value for ¥r. For cultivars N67 and Gll4, negative values of
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~
Fy were obtained from the results of evaluation of F1 in exp-1 1972,
whereas it was positive in exp-2 that year and both experiments in 1973.

L2l
Table 3. Values of parameter Fy

1972 ] [T

exp=l exp=~2 expwl -2
Parent P 2 B

n 13 I I3 n |2 n
wl2 apgnees [ —itgeeee | —ga e | —magren | 4708 e | 18600 a7 quesr

W77 B | Tihfeee | T3 | —Etasees | migees | —goficee | —3.410
529 Sl e | Pmes | Tighoee | Tiptee ) Adi 101800
- ﬂ67 e | 36 1a.q4ee | 225900 Tieee | g2z ese | 1214k e
- Gll 4 Cisete | 20 Siltees | fdpeee | —tngaess | G2 | BT
M553 %3] 2084 wee | - 1,00 %e0 Ac{T e | fliAd e 3,97 e Bi44 o0
P28 1 e 0,18 e+ 3. fo;7200e gere | s2isTee | w3

Reliable withsep <o e pcos »epcom..

The curves of regression of W, as a function of V. (Figures 1-4) yield a
more complete idea about the system of genetic control of the character in
each variety. According to data for F; hybrids in 1972, $29, P28 and M553
expressed significant dominance (p®50-75%) in the case of enlarged plant
feeding area (see Figure la), whereas W77 and W12 presented recessiveness
(qw75-100%). N67 and Gl1l4 were in the middle section of the line of re-
ression, which is indicative of additive gene action, although parameter
¢ for these cultivars was reliable and indicative of some recessive gene
expression. According to the results obtained for F, (see Figure 1b),
in this experiment P28 and 529 expressed dominance (p¥50-75%), while M553,
W77 and W12 presented significant recessiveness (q®50-100%) . There was
expression of additive gene action in cultivars N67 and Gll4., This was
confirmed by the fact that parameter Fy was uareliable for these cultivars
(see Table 3). According to the data obtained for F1 in the case of
usual sowing density in 1972 (see Figure 2), cultivars S29, N67, G114, M553
and P28 expressed different degrees of dominance (p®50-100%), while W12 and
W77 expressed recessiveness (q®#50-75%). 1In 1973, according to results for
F; in the case of low-density sowing (see Figure 3a), P28, M553. $29, G114
- and N67 expressed significant dominance (pw75%), and these cultivars dif-
- fered insignificagtly in nature of expression of dominance, as confirmed
by the values of Fp (see Table 3). W12 and W77 presented recessiveness
(q = 75%). According to results obtained on F2 that year (see Figure 3b),
the cultivars differed in nature of expression of dominant and recessive
effects: 529, N67 and P28 manifested dominance (pn75%); W12, W77, Gll4 and
M553 expressed different degrees of recessiveness (q®¥50-100%). According
to data for F; in the case of low-density sowing (see Figure 4a), P28, Gll4,
$29, N67 and M553 expressed dominance (p®50~75%) , while W12 and W77 mani-
fested recessiveness (qm75%). According to data for F2 (see Figure 4b),
there was no appreciable difference between cultivars in nature of expression
- of gene action, as compared to the results for Fi.

As shown by the data submitted in Table 4, negative values were obtained

in all experiments, according to the results of evaluation of F; and F2
hybrids, for the coefficient of correlation between X and WytVy; however,
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these values were unreliable in all cases, and this is related mainly to
the small size of the sample (n = 7)., The low coefficients of correlation
(r) yielded low coefficients of determination (r?), which were considerably
smaller than 1. High and reliable coefficients of correlation were ob-
tained between Vy and Wy; moreover, the coefficients of regression of Wy

as a function of Vy did not differ reliably from 1.

LA
a
- Jor e, Ye 30
s 2
+e
o g
3/ .7
1wl ;
Yo,%o
v 2w A
- Figure 1. Figure 2,
Curves of regression of W, as a fune- Curve of regression of Wy as a func-
tion of Vy for F; (a) and Fa (b), tion of Vy, F1, exp-2, 1972
exp-1l, 1972
1) W2 4) N67 6) M553 gisigzaiions are the same as in
2) w17 5) G114  7) P28 & .
3) S29
Wy a L/ b

L
0 20 Y L4 0

Figure 3, Figure 4.
Curves of regression of Wy as a func- Curves of regression of Wy as a fune-
, tion of Vy, for F; (a) and Fy (b), tion of Vg, for Fy (a) and F, (b),
- exp-1, 1973 exp-2, 1973

Designations are the same as in Figure 1.
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Table 4. Results of correlation and regression analysis

wiz T
Coefficients | &¥P=1 exp=2| exp-1l exp=2
P ¥, K B P I o
r betwi&w,+v,|-ves | oas [ooms  fowom |-vas [—omm |-oue
" vas | oae | o o3 | o2 | otes | vaw
r'betw v &w, Weaben | Gniges | utoress| uigseee| 0870es| Olroses] 0k eme
e, v I ) sus | omu toe | te30 | e
Reliable with: «p<om: wp <o

Discussion

Analysis of the experimental data shows that the nature of expression and

- inheritance of the character under study changed significantly, depending
on vegetation conditions (year) and plant feeding area (experiment). The
cultivars used in the experiment differed substantially in degree of ex-
pression of the trait. Of the set of cultivars studied, late-ripening P28
stood out for its high genetic potential. We were impressed by the fact
that the other late-ripening cultivar, M553, was considerably inferior to
P28 in this respect. It must also be noted that diallele analysis of 10

- wheat cultivars, made in Kazakhstan in 1973, demonstrated nonallelic gene
interaciion in P28, which was characterized by the largest number of kernels
per spike under those conditions also [4, 5]. Among the average ripening
cultivar group--$29, N67, Gll4—-the last one was characterized by the
highest genetic potential. Early ripening short-stemmed W12 and W77 were
inferior to the others with regard to kernels per spike, although, as
shown by the results of exp-l in 1972, W12 was characterized by a rather
high potential which, however, was not realized under the typical conditions
of Siberia where poor water conditions are usually present at the early
stages of plant development (June).

With regard to the system of genetic control of the trait as a whole, it
should be noted that, along with genes expressing additive action, a signi-
ficant contribution is also made by genes with dominant action to the
number of kernels per spike. We were impressed by the fact that the
dominant effect for kernels per spike is expressed more than for such

spike traits as number of spikelets per spike and spike length [2, 6].

It is remarkable that significant stability was demonstrable in component ﬁ,
which characterizes additive gene action, according to number of kermels.
Under the conditions of 1972, the values of D did not differ in different
experiments, whereas in 1973 they were close to the levels obtained in 1972
with low-density sowing. It is only with limited plant feeding area
(exp—-2) in 1973 that the value of D was almost one-half that obtained with
the larger feeding area (exp-1). Consequently, in the case of the larger
plant feeding area, not only was there fuller realization of the genetic
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potential of the cultivar, but more stable expression under different vege-
; tation conditions of the part of the genetic information determined by
genes with additive action., Of course, this cannot be said of the genetic
parameters characterizing allelic gene interaction. In the case of low-
density sowing in 1972, component F, which reflects the direction of domi-
nance on the whole for the material tested, was characterized by a negative
value, whereas in the other experiments it was positive. The change in
direction of dominance is indicative of complex interaction between allelic
genes and between the genotype as a whole and envirgnmental conditions in
the process of ontogenesis. The negative value of F is related primarily
to the distinctions of the system of genetic control of the trait in the
early-ripening, short-stemmed cultivars W12 and W77. It should be noted
that, unlike the ogher spike characters we studied previously [2, 6],
similar values of F for number of kernels were obtained in evaluation
of Fi1 and F2 hybrids.

The results obtained in 1972, when parameter (ﬁl/ﬁ)% which reflects the
mean degree of dominance as a whole for the material studied, was twice
the value in the case of enlarged feeding area, as compared to the usual
area, were indicative of considerable interaction between dominant genes
and the environment, whereas in 1973 this parameter was similar in the
different experiments. While a disproportion of alleles with positive and
negative effects, according to action on development of the trait, was
observed in most cases for spike length [6], it is only in the case of
- low-density sowing in 1973 that the value of parameter f1,/4f; deviated
reliably from the 0.25 level. This indicates that there was some excess
of allels with positive effects in the experiment with enlarged plant feed-
ing area in 1973. It was also typical that an excess of genes with re-
cessive action was observed in 1972 only in the case of low-density sowing,
whereas in all other experiments Ehere was a significant excess of genes
with dominant action. Parameter Fr, which reflects the relative contribu~—
tion of additive and allelic gene interaction, was relatively stable as
a function of vegetation and experimental conditions for number of kernels
per spike, unlike other traits,studied [2, 6, 7].  Suffice it to indicate
that only positive values of Fy were obtained for cultivars $29, M553 and
P28 as a result of evaluation of F;, and only negative ones for Wi2 and
W77. This is indicative of a certain stability of direction of dominance
in these cultivars. A change in direction of dominance was observed in
N67 and Gll4, depending on vegetation conditions, in the case of low-
density sowing.

The curves of regression of W, as a function of V, are an excellent 1llus-
tration of variability of relative contribution of dominant and recessive
alleles to phenotypic development of the trait, depending on vegetation
conditions, density of plant stands and hybrid generation studied.
Although the order of the cultivars on lines of regression according to
number of kernels per spike changed in different years, experiments and
generations studied, this change was not as marked as for stem length [7],
spike length [6] and number of spikelets per spike [2].
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It is imperative to determine the nature of gene influence on development
- of the character during ontogenesis in order to perform tasks related to
refinement of this trait bymeans of selection. As shown by correlation
analysis, negative values were obtained in all experiments for the coef-
ficient of correlation between mean values of the trait in parents and
level of dominance. Although these coefficients are unreliable, because
of the small size of the sample, they reflect rather clearly the effects
of genes on development of the character. In only one case (exp-2, 1972)
the coefficient of correlation was very low. Dominant genes induce positive
effects on phenotypic expression of the trait and recessive ones induce
negative ones. In all of the experiments, the correlation between X and
Wy+Vy was negative, which makes it easier to predict the effectiveness
of breeding for improvement of the character on the basis of the tested
- assortment of cultivars. However, as shown by the forecast, the expected
maximum refinement of the trait reaches the level inherent in P28, which
was considerably superior to other cultivars in number of kernels per
spike in all of the tests.

Thus, we see that P28 is a unique source of genes that must be used in-
tensively in breeding programs. If we add to this that all of the

locally raised and promising cultivars that are being tested and grown

in the Siberian region are substantially inferior to that cultivar in
number of kernels per spike, it becomes understandable that P28 is of
great value in solving breeding problems directed toward increasing the
productivity of sof t wheat spikes. In view of the fact that this cultivar
forms a relatively small kernel, as compared to the best Siberian culti-
vars, we can conclude that there are considerable possibilities for
increasing spike productivity by means of recombination of genes controlling
kernel size and number of kernels per spike. If recombinants are ob-
tained as a result of transgressive segregation, in which the number of
kernels per spike will remain at the level of P28, but grain weight will
increase, we can expect considerable increase in spike productivity. Of
course, such recombinants can be obtained only in the absence of close
linkage between genes that control these traits.

In view of the fact that the number of kernels per spike is controlled by
an additive-dominant genetic system, which was expressed particularly
well and with relative stability in different years and experiments in
cultivars P28, S29 and M553, it is feasible to perform selection in early
scgregating generations (F2-F3). It is remarkable that dominant genes
induced positive effects on phenotypic expression of the character;
therefore, rather effective selection is expected, even though the re-
combinants selected in the early segregating generations may segregate
genotypes with fewer kernels per spike in later generations. To enhance
the effectiveness of selection in segregating hybrid generations, the
material must be grown with low-density sowing and uniform plant feeding
area. Since the trait is controlled by a large number of genes, each of
which contributes a negligible effect on phenotypic expression of the
character, one should raise a rather large number of F2 or F3 plants for

162

_ FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050036-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050036-5

FOR OFFICIAL USE ONLY

seiection. It is quite apparent, that the quantity thereof depends on the
- hybrid combination. Very many plants will have to be grown of hybrids
involving short-stemmed cultivars W12 and W77 in order to obtain the
degired recombinant as a result of transgressive segregation. The
quantity can be reduced significantly if dealing with G114xP28, N67xP28,
S29xP28 and M553xXP28 hybrids, in which the effectiveness of selection will
be rather high in an F, population consisting of 3000-5000 plants.

With reference to trait improvement through selection, it must be borne in
mind that we have been dealing here only with number of kernels per spike.
In actual practice, much more complex tasks are involved in any breeding
program. Not infrequently, these tasks are unrealistic, in the sense

- that one cannot expect a positive solution to a given problem on the

_ basis of the initial material used in the crosses. As a rule, breeding

- programs have the goal of improving an entire set of traits, each of which

- is controlled by a specific genetic system. Without knowledge about these

; systems, it is impossible to develop effective breeding programs and to

- implement them according to plan. In this respect, diallele analysis is
unquestionably the most effective means of learning about the system of
genetic control of a quantitative character and about the interaction of

- this system with environmental conditions.
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